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Abstract
Boer, Brian R., M.S. Geology
IMPACT ASSESSMENT OF SEPTIC SYSTEMS EFFLUENT DISCHARGE 
ON THE GROUNDWATER AND SURFACE WATER IN LOLO, MT
Committee Chair: William Woessner,
Local and state regulatory agencies are currently seeking to quantify pollution 
loading to surface waters to meet requirements o f the Federal Clean W ater Act. 
Septic systems are widely recognized as a source of nitrate and a potential threat 
to groundwater and surface water quality. Local regulatory agencies have noted 
elevated nitrate-N concentrations in ground water in Lolo, Montana (pop.-5,000), 
where roughly half the population utilizes septic systems for wastewater 
treatment. Concerns have been raised that septic system-derived nitrate-N may be 
entering and degrading surface water quality in Lolo Creek and the Bitterroot 
River. An examination o f the hydrogeology o f the Lolo area sought to determine 
the overall groundwater quality, aquifer properties, flow directions, relationships 
between the groundwater and local streams, and to assess the impact o f existing 
septic systems on groundwater and surface water quality using standard 
hydrogeological techniques and numerical modeling. Results indicate that 
groundwater is supplied from and waste disposal occurs into an unconfined 
aquifer consisting mostly o f sand, gravel and clay, with increasing clay near the 
bedrock hills. The water table is generally 5 to 20 feet below ground surface, 
fluctuating 3-6 feet on a seasonal basis. Hydraulic conductivity values estimates 
average 400 ft/d. Gradients vary from 0.008 to 0.001 and linear ground water 
velocities average 10 ft/d. Lolo Creek is loosing over most o f the 3 mile study 
reach. Septic systems are the dominant source of nitrate-N, and residents in the 
approximately 650 unsewered dwelling units introduce about 17 kg/d to the 
subsurface via septic systems. This results in elevated nitrate-N concentrations 
(0.3 to 4.5 mg/1) in the shallow aquifer, with the higher concentrations 
downgradient from the more densely developed unsewered areas. Study results 
suggest limited denitrification or assimilatory reduction, and nitrate-N loading to 
lower Lolo Creek and the Bitterroot River is expected to equal the input from 
septic systems. In this case, nitrate-N concentrations in the Bitterroot River 
during summer low flow could potentially be increased by about 0.01 mg/1. 
Numeric modeling was used to simulate flow and contaminant transport, and 
further sensitivity analysis is needed prior to the models use as a management 
tool.
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Introduction:
On-site sewage disposal systems, or septic systems, have long been used to treat 
domestic wastewater in rural areas (Canter and Knox, 1984). However, rapid growth of 
urban fringe and rural populations and the high costs o f constructing sewers have led to 
an increased reliance on septic systems as a permanent solution locally and across the 
country (Spalding & Exner 1993, Woessner et at. 1996).
The persistent and cumulative effects of the 25 million (1990) septic systems in 
the United States and Canada threaten groundwater quality (King, 1996; Canter and 
Knox, 1984; Wilhelm et al. 1994; US Census, 1990). Sewage effluent typically contains 
elevated levels o f pollutants, including nitrogen and phosphorus, human pathogens and 
toxic household chemicals (Robertson and Blowes, 1995; Alhajjar et al. 1990; Robertson 
et al. 1991).
Total nitrogen concentrations of 35-50 mg/1 are common in septic effluent 
(Hantzsche & Finnemore, 1991 ; Harman et al. 1996). Ammonia in septic effluent is 
often converted to nitrates as the effluent moves through the unsaturated zone and into 
groundwater, where concentrations o f nitrates sometimes exceed the national drinking 
water standard of 10 mg/1 (NOa’-N + N02'-N) (Canter and Knox, 1984; Tinker, 1991). 
Dwelling unit density, septic effluent discharge rates, precipitation/irrigation and 
soils/geology all influence nitrogen loading of ground water (Hantzsche and Finnemore, 
1991 ; Tinker, 1991). High concentrations of nitrate-N in groundwater is a human health 
concern if  ingested by infants or pregnant women (e.g. methemoglobinemia; low oxygen 
levels in blood), and is also suspected o f causing spontaneous abortions, non-Hodgkins
lymphoma and cancer (Nolan, 2001; Spalding & Exner, 1993). Nitrates also serve as 
nutrients that can cause or exacerbate eutrophication of surface waters (Homung, 1999).
Several streams in western Montana have been adversely impacted by excessive 
nutrient loading (Watson et. al, 1999). While the largest sources of nutrients, such as 
wastewater treatment plants and pulp mills can be easily monitored, quantified and 
regulated, diffuse discharge of nutrients from septic systems to groundwater is less 
tangible. This work seeks to quantify water quality impacts resulting from groundwater 
loading with septic-derived nutrients and the subsequent fate these nutrients as 
groundwater discharges to local streams.
Goals and Objectives
The goal of this study is to examine the transport and fate of septic system derived 
nutrients in a sand and gravel aquifer and subsequent interactions with adjacent streams. 
This investigation focuses on unsewered areas of Lolo and corresponding reaches of Lolo 
Creek and the Bitterroot River in Western Montana
Specific objectives are the;
1. Identification of sources of nitrate-N to the groundwater in Lolo.
2. Determination of the extent of nitrate-N contamination in the Lolo aquifer, 
using existing databases and project-specific physical and chemical data.
3. Determination of hydrogeologic properties of the study area, including the 
extent and type of aquifers in the area, the position and behavior of 
potentiometric surfaces, and groundwater flow directions, velocities and 
water budgets.
4. Establishment of the relationship between the impacted groundwater and 
Lolo Creek and the Bitterroot River.
5. Development of a groundwater flow and transport model to test 
conceptual models and simulate existing conditions
6. Examination of probable impacts of future development and 
corresponding septic system use on local groundwater and surface water 
systems in the area.
Report Organization:
This report is organized into 6 chapters. Chapter Two includes background 
information on the study area and discusses sources and fates of nutrients. Chapter 
Three presents the methods used to achieve the stated objectives. Chapter Four presents 
results that are discussed in Chapter Five. Conclusions and recommendations are 
included in Chapter Six.
Chapter Two: Background
This chapter begins with a description of the population and physical setting of 
Lolo, Montana, follows with a discussion of the role of nutrients in ecosystem 
degradation and potential sources o f nutrients, and concludes with a review of previous 
work and a summary o f the regulatory framework concerning nutrients and septic 
systems.
Site Conditions
Lolo is a small community located at the northern (downstream) end of the 
Bitterroot Valley, Missoula County about 8 miles south from the city of Missoula, and 20 
miles north of Hamilton (Figure 1 ). The population in the town of Lolo is approximately 
3,400, and increases to about 5,000 if surrounding areas are included (US Census, 2000). 
Growth rates for the Lolo region were 26% between 1990 and 2000, and are predicted to 
be 1% per year to 2020 (LCRP, 2001). Significant portions of rural Lolo have recently 
undergone relatively dense residential development that has resulted in the use of septic 
systems for on-site sewage disposal and the installation of private wells for water supply 
(MVWQD, 1996). A portion of the town is serviced by the local wastewater treatment 
plant operated by the Lolo Rural Sewer Improvement District (RSID # 901). This system 
has recently reached full capacity (-250,000 gal/d) and therefore, without a substantial 
increase in capacity, additional development in the area will continue to rely on septic 
systems for sewage treatment (LCRP, 2001). For a comprehensive discussion and 
analysis o f the Lolo area, the Lolo Region Comprehensive Plan (LRCP) is available from 
the Missoula County Office of Planning and Grants, or online at 
http://www. CO. missoula. mt. us/ lolocomp2/loloplan. htm.










Index contours = 100 ft
This study encompasses an area of approximately 2.5 square miles, bounded by 
the Bitterroot river in the east, Tyler Lane in the north, the Lolo Creek-Mormon Creek 
confluence in the west and the foothills above the Mormon Creek area in the south and is 
divided for convenience into three separate areas (Figure 2). The Mormon Creek Area 
(MCA) is the area o f most recent unsewered development, and includes two %-acre lot 
size residential subdivisions (Shelby Addition and Bitterroot Meadows) and a relatively 
high density (~ 9 units/acre) mobile home park (Valley West Trailer Court), each 
serviced by privately maintained public water supply (PWS) wells. The Lewis & Clark 
Area (L&CA) has isolated, unsewered, high density mobile parks near the Hvv̂ y 93 and 
Hwy 12 junction, as well as a shallow (~ 5 ft) water table in the southeast. The Hwy 12 
Area is the least populated, and shows the greatest potential for new development.
Physical Conditions:
Geology:
The Bitterroot Mountains to the west are composed primarily of metamorphic 
rocks (phyllites, schists and quartzites). The hills to the immediate south and northwest 
are composed primarily o f limestone, dolomite and non-calcareous Belt Series rocks of 
the Wallace Formation (Lewis, 1998) (Figure 3).
The valley floor consists primarily of unconsolidated alluvium, mostly sand and 
gravel but ranging in size from clay to boulders. Sediment grains in all areas are well 
rounded, and compositionally reflect the geology of the surrounding hills and mountains. 
From the Hwy 12 Area, the valley floor slopes to the east at a rate of about 40-ff per mile. 
Elevated terraces are adjacent to most of the floodplain, and along Lolo Creek, they form 
a relatively narrow corridor that expands near the Bitterroot River. The banks of the
study Area
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Figure 3: Geologic Map* of the Loio Area
Kgd: Granodiorite Qal: Alluvium of modem channels, floodplains Qao: Alluvium, older, divided Qat: Alluvial terrace deposits
T at Alluvial fan deposit Tgc; Gravel & clay Tsf: Sedimentary deposit, fluvial Yms: Mount Shields formation 
Yq: Quartzite, undifferentiated Ysgn: Schist, gneiss Ysh: Shepard formation Ysn: Snowsllp formation Yw: Wallace formation






Bitterroot River are about 6 ft above base flow near the confluence of Lolo Creek, 
increasing to nearly 20 ft above baseflow at the northern end of the Study Area. The 
thickness of the local alluvium is not well characterized, although Norbeck (1980) 
reported unconsolidated alluvium at depths up to 2,400 ft in the Bitterroot Valley.
Soils:
A soil survey was completed in 1989 for Missoula County, and includes the area 
north of Lolo Creek (USDA, 1995). Soils are generally well developed and deep (> 60 
in) and consist primarily of well-drained gravelly loams o f the Bigarm, Grantsdale and 
Moiese Series’, and are considered good agricultural soils. These soils grade to 
xerofluvents in the floodplain. Regions of less well draining Aquept soils are found in 
patches throughout the study area.
Climate:
The Western Regional Climate Center (WRCC) does not maintain a precipitation 
monitoring station in Lolo. Daily data from the three nearest valley floor stations, 
Hamilton (1895-present), Missoula Airport (1948-present), and Stevensville (1911- 
present), were used to produce historical averages for each month as well as monthly and 
daily averages for 2001 (Figure 4) (WRCC, 2002). The standard deviation between the 
three stations for these historical data was relatively uniform throughout the year (0.04 - 
0.15 inches, average 8,2% of value). Average annual precipitation was calculated to be 
about 13 (+/- 1) inches per year.
Temperatures typically peak in July and August Average historical pan 
evaporation rates (monthly) in Hamilton (March through Oct.) total 31 inches, over twice 
average annual precipitation (Figure 4) (WRCC, 2000).
Figure 4: Climatic Data
90 ----------------------------------------------------








A 2001 Daily Average PPT 
* — 2001 Monthly Average PPT +/- SD 
Historical Monthly Average PPT +/- 8.2% 
G Historical Monthly Average Evaporation
Average Precipitation (Regional) 
and Evaporation (Hamilton)7 -
Q.
I  2 -
s 0A N D JJJMAM
Hydrology:
Lolo Creek is a perennial stream with a 172,800 acre watershed, ranging in 
elevation from 3,150 feet above sea level at the confluence with the Bitterroot River to 
9,075 feet at Lolo Peak (LRCP,2001).
The USGS recorded stream flow at a gauging station roughly 2 miles upstream 
from the western end of the study area from 1950-1960 (#12352000). During this period, 
peak flows of 1,000 to 2,500 cubic feet per second (cfs) occurred in May-June, with a 
substantially smaller peak (-100-400 cfs) in early winter (Figure 5). Summer low flows 
drop to 30 cfs and lower, and Lolo Creek tends to intermittently dry up along the last mile 
reach during drought years (before the confluence with the Bitterroot River). Numerous 
irrigation ditches remove water from Lolo Creek, the most prominent near the study area 
being the McClay ditch that takes water out of the creek about 2 miles above the study 
area (Figure 2).
The water quality of Lolo Creek has been negatively impacted by land uses in 
both the headwaters and lower valley regions (LCRP, 2001). Timber harvest, associated 
road building, and cattle grazing, have accelerated erosion and subsequent sediment and 
nutrient loading to Lolo Creek. There is currently a ban on new road building and 
logging on the Lolo National Forest, but logging (including clear-cutting) continues on 
private lands within the watershed .
Nonetheless, Lolo Creek remains an important native fishery. Numerous species 
of fish, including bull, rainbow, brook, brown, and cutthroat trout, inhabit Lolo Creek and 
its tributaries (LCRP,2001).
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Figure 5: Lolo Creek Hydrograph 1950-1960
from USGS gauging station #12352000 near Sleeman Creek
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The Bitterroot River drains an area of VA million acres above its confluence with 
Lolo Creek. Discharge measured near Missoula (USGS station #12352500) varies from 
600 to 1,200 cfs during most of the year (Aug. to April), increasing during spring runoff 
and snowmelt to 8,000 -  15, 000 cfs, with larger, more infrequent flows possible (27,000 
cfs =100 year flood) (USGS, 2001). With an average gradient of 4.5 feet per mile 
(0.00085), the Bitterroot is prone to meandering and creates a wide, braided floodplain. 
Stream water quality has been negatively impacted by agricultural runoff and timber 
harvest and associated road building throughout the watershed.
Nutrients:
This subsection begins with a discussion on the environmental effects of the 
introduction of nutrients into aquatic and subsurface systems, follows with a discussion 
on dentrification, reviews potential nutrient sources in Lolo, and concludes with a review 
of the nutrient-related regulatory framework.
Effects:
Eutrophication, or the excessive nutrient loading of aquatic systems, was 
recognized as widespread and significant in industrialized nations during the mid-20^ 
century (OECD, 1982). As increasing amounts of municipal and industrial wastewater, 
agricultural and urban runoff and other anthropogenic sources containing elevated 
nutrients were dumped into waterways, algal blooms, unpleasant odors, low dissolved 
oxygen and increased turbidity often resulted (NAS, 1978).
The increase in nutrients drives primary or photosynthetic production, usually by 
fast growing and opportunistic algae (e.g. Cladaphora). Such growth is usually limited
by macronutrient supply, most often nitrogen or phosphorus (Watson et at. 1999, NAS, 
1978). The resulting algal blooms can deplete the oxygen content of water directly via 
respiration (at night) and indirectly as a result of the respiration of either grazers or 
saprobic organisms feeding on dead algae. The resulting stress resulting from low 
oxygen levels imposed on the aquatic ecosystem can radically alter trophic structure 
(NAS, 1978) and render water bodies aesthetically unpleasing (OECD, 1982). While 
phosphorus is often the limiting nutrient in many freshwater streams and lakes (USEPA, 
1993), streams such as the Clark Fork River is nitrogen-limited in areas due to local 
phosphate-rich geologic formations (Watson, 1990, Carey, 1990).
The impact on cold water fisheries is the major local concern, while aesthetic 
degradation (turbid water, odors) and nuisances (e.g. algae clogged irrigation ditches) are 
also troublesome (Watson, et al. 1999; Ingman, 1990).
Denitrification and Assimilatory Reduction
Under the right conditions, loss of nitrate-N mass can occur via denitrification or 
assimilatory reduction. Denitrification is typically a microbially mediated process, 
whereby bacteria gain energy from the oxidation of reduced organic matter or metal 
sulfides (e.g. pyrite), with nitrate or serving as the electron acceptor in lieu of oxygen 
(Brock, 2000). Nitrate is reduced to gaseous products ( NO 2 , NO and N 2) liable to 
atmospheric dispersion. Nitrate can also be removed from the environment via 
assimilatory reduction, the process whereby the nitrogen in oxygenated nitrogen 
compounds is assimilated into microbe or plant tissue (Brock, 2000). However, the loss 
may be temporary, as upon death and decomposition, organic matter can release
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nitrogenous compounds back into the environment (ammonification), where oxidation 
back to nitrate-N is possible (Brock, 2000).
Denitrification is likely to be an important component in nitrate-N mass balances 
where organic matter is abundant, such as in riparian and wetland areas. Several 
researchers have demonstrated significant removal of nitrate-N in riparian areas 
(Rosenblatt et al, 2001; Brusch and Nilsson, 1993; Hill, 1996; Hanson et al. 1994; 
Cooper, 1990; Warwick & Hill, 1988), and the construction of artificial wetlands has 
gained recognition as a valuable tool to control nitrate-N inputs to surface water from 
ground water and surface water runoff (USEPA, 1993; Leonard, 2001).
There are several techniques available to quantify denitrification, including 
acetylene block, 15N isotope tracing, N 2 flux measurements and Nitrate-N : chloride 
ratios (Seitzinger et al, 1993; Menghis et al, 1999). The scope of this study precluded 
detailed determination of denitrification, and such analysis was limited to the use of 
simple nitrate-N/chloride ratios as discussed later.
Sources
Potential sources of nutrients within the Lolo area include human sewage (treated 
and dispersed via septic systems, the wastewater treatment plant, or land application) 
agricultural waste, and lawn fertilizer.
Human Sewage
The typical U.S. resident produces approximately 50 gallons of domestic waste 
water per day, containing about 20-100 mg/1 total N and 10- 20 mg/1 total P 
(Tchobanoglous, 1987). This sewage is usually disposed of using one of two ways. In
15
urban areas sewer lines collect waste for treatment at a centralized facility, while rural 
areas tend to rely on individual on-site septic systems.
The treatment of sewage at a wastewater facility usually involves two stages; 
physical removal of solids via screening, settling or flocculation, and biological 
consumption of organic matter and nutrients. Sometimes additional (tertiary) treatment is 
used for the removal of additional constituents of local concern (Tchobanoglous, 1987). 
The effluent o f the local wastewater treatment plant (Rural Sewer Improvement District 
#901, no tertiary treatment. Figure 2) typically contains 4-5 mg/1 total P and 17-22 mg/1 
total N. It discharges about 225,000 gallons of effluent per day to the Bitterroot River, 
resulting in a daily loading o f 3-4 kg total P and 15-19 kg N (Haverfield, pers.comm, 
2002).
On-site septic systems treat wastewater through a two step process that can 
effectively remove a portion of the water’s dissolved and undissolved solids, and 
biological and chemical oxygen demand (Figure 6). The first stage involves physical 
settling and anaerobic degradation of large, complex organic molecules in an 
underground tank (Wilhelm, 1994). The second stage involves delivery of tank effluent 
to the subsurface either via an underground perforated seepage pit or throughout the 
shallow subsurface via a drainfield. Drainfields or absorption fields are more widely 
used and provide better treatment than seepage pits. As septic effluent percolates into 
and through the soil, oxygen is naturally supplied to oxidize reduced compounds such as 
ammonium, organic matter and sulfur containing compounds are oxidized (Wilhelm et. 
al, 1994).
16
Figure 6: Typical Septic System
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Table 1: Septic Effluent Parameters
Averages shown for data se ts with more than one septic system
""1 n  3 — 4 n  5 ”  : 6 '  7 ........
n = 6 n = 2 n = 1-4
pH 7.2 6.7 6.4 7.3 7.6
EC (uS) 860 1300 2481
Alkalinity (mg/l) 374 316.4 35-45 356 802
Total N (mg/l) 25-100 41-49 20-100 45 36 152 63. 72
Ammonia (mg/t) 32 57.6 88 28-34 97 31 160 66 128
Nitrate-N, (mg/l) 1.3 0.08 0.1 10.1-0.9 0 0.4 0.4 1
Phophate-P; (mg/l) 8.9 13.1 12-14 12 11 13. 7
Sulfate (mg/l) 6.9 11.8 59
Chloridei (mg/l) 40 54.8 53 123 53 100 44 207 75, 54
Calcium (mg/l) 41.2 137
Potassium (mg/l) 11.7 21 . 27 43
Sodium (mg/l) 89.7 84.9 39 71 35 107
Iron: (mg/l) 0.067 : 0.248 0.84
Mangnesiumi (mg/l) 14 3.4 25
PIC (mg/l) 102 90.3
DOC; (mg/l) 38.2 71.3 94 19.2
BODSi (mg/l) 129-147
COD (mg/l) 310-344
reactive Si (mg/l) 9.6
Rale; I/d 150-170 152-266
Source, Notes
1 Wilhelm et al. 2, 1996
2 Hantzsche & Finnemore. 1993
3 Robertson & Blowes, 1995
4 Alhajjar et al 1990
5 Canter & Knox, 1984
6 Nelson et. al 1988
7 Hannon, ^ t aj 19%
8 Alhajjar et al 1989
2 data se ts
50gai/person/d, 3 person/DU 
200-300 samples
Multiple Sources: _d: black_water, e:campground, f their study n= 
Means of two data sets
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Septic effluent is a potential source of groundwater pollution. It typically 
contains elevated dissolved constituents, ions, and disease causing organisms such as 
fecal bacteria and enteric viruses (Table 1) (Perry, 2001 ; Ver Hey, 1988). Oxidized 
phosphorus compounds generally sorb to soils or geologic material, while oxygenated 
nitrogen compounds such as nitrate (NO3') do not, and travel freely in groundwater 
(Canter & Knox, 1985). Thus, treatment of sewage via septic systems often results in 
loading o f nitrogen to ground and surface waters, but typically little or no phosphorus 
loading. Improperly designed or malfunctioning septic systems that allow rapid 
transport to the groundwater can load potentially more hazardous reduced compounds 
(e.g. ammonium ions) to the groundwater (Canter & Knox, 1984).
Two sewer and septic service companies currently land apply liquid sewage 
sludge to 60 acres o f hay cropland in the western end of the study area (Figure 2). 
Maximum allowable application rates are 460,000 gal/acre/yr (38,500 gal/acre/month). 
Each company is permitted to apply 8,333 gallons per acre per month, for a total of 
500,000 gallons annually (Crowley, pers. com. 2002). At least one of the companies 
applies the total amount permitted, with greater application rates during summer 
(Brown’s Septic, pers. com. 2002). Thus, application rate is at the most about 80% less 
than the general maximum allowable rate for a hay cover crop. The soils in the 
application area are classified as Bigarm gravelly loams and “somewhat excessively 
drained” (USDA, 1995).
Lawn Fertilizer
Lawn fertilizer is also a potential source of nutrients. Rates o f application vary 
considerably, and Evans & Gough (1993) recommend 2-4 lbs nitrogen per 1,000-ft^ lawn
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per year in western Montana. Phosphorus leached from fertilizer will generally sorb to 
the soil, whereas the nitrogen in lawn fertilizer is readily converted to nitrate and 
potentially leached to the ground water (Willrich & Smith, 1969).
The potential for nitrate leaching from a lawn fertilizer source is not definitive. 
Gross et. al (1990) found very little leaching losses from fertilized turfgrass in Maryland, 
and declared that “properly managed and judiciously fertilized turf is not a significant 
source of nutrients or sediment in surface or groundwater.” However, Petrovic (1990) 
found nitrate-N concentrations in water percolating from fertilized turfgrass well above 
the drinking water standard of 10 mg/l. Other studies concluded that in most situations 
very limited N leaching occurred, generally less than 10% total N applied, and frequently 
<1% (Petrovic 1990; Quiroga-Garza et. al 2001, DeRoo, 1980).
While quantitative results vary considerably, the consensus regarding the causes 
of variability does not. Management practices, such as the rates and timing of 
application, type of fertilizer and clipping practices, as well as time of year, local climate 
and soil type are all mentioned as important variables (Quiroga-Garza et. al 2001; 
Petrovic 1990; Gold et. al 1990; Gross et. al 1990). Generally, leaching of fertilizer 
nitrate-N to groundwater can be attributed to excessive or mistimed applications, 
overwatering (irrigation or precipitation), or naturally well drained soils. “Well drained” 
and “excessively drained” soils are common in Western Montanan valleys (USDA, 
1995).
Livestock Waste
Livestock waste is another potential source of nutrients. Individuals cows and 
horse each produce waste containing roughly 100 pounds (45kg) per year of nitrogen
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(BCMAFF, 2002; Willrich & Smith, 1970), about 13 times as much as a single human 
produces (3.5 kg/yr.). At sustainable range or pasture densities, excrement is not 
concentrated, soils absorb liquids, plant and microbial communities utilize nutrients, and 
the amimals remove plant tissue and recycle nutrients, reducing the possibility of 
nitrogenous compounds leaching to the groundwater (Nader et. al 1998; Willrich & 
Smith, 1970). However, if  livestock waste is concentrated, nutrient loading could be 
significant even with a small number of animals.
The Regulatory Framework and Previous Work:
Regulation of Surface Waters
Section 303(d) of the federal Clean Water Act mandates states to assess the 
condition of local waterways. The resulting list of impaired waterways (303(d) list) 
includes all impaired or threatened waterways in a state. For each impaired waterway, 
the Clean Water act requires the development of a water quality restoration plan. This 
involves calculation of a Maximum Total Daily Load (TMDL), the amount of pollutants 
that can be assimilated without impairment (i.e. without interfering with beneficial uses 
or violating water quality standards). The Montana Department o f Environmental 
Quality, acting under state law, has prioritized each impaired waterway for TMDL 
development.
Lolo Creek has been listed in the 303(d) list as a waterway impaired by flow 
alteration with a low priority for a TMDL (MT DEQ, 2000). The Bitterroot River has 
been listed as impaired by excessive nutrients (nitrate-N) and siltation with high priority 
for a TMDL. The Clark Fork River at the confluence with the Bitterroot (about 8 miles
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north of Lolo) is also a 303(d) listed stream impaired by excessive organic matter and 
low dissolved oxygen with a moderate priority for a TMDL (MT DEQ, 2000). As 
mentioned above, excessive nutrients can exacerbate a low dissolved oxygen problem.
The Clark Fork Voluntary Nutrient Reduction Program (VNRP) was developed in 
an effort to improve stream water quality and meet TMDL’s under a voluntary program 
rather than by mandates (TSIP, 1994). Local governmental agencies have been working 
with the VNRP to limit nutrient input into local waterways, including assessment of non­
point sources (Watson, et.al, 1999). Currently, target levels for nutrients in the middle 
Clark Fork (below Missoula) are 39 \xg!\ total P and 300 pg/I total N (Watson, et.al, 1999, 
TSIP, 1994).
Groundwater Regulations:
Montana’s numeric water quality standards stipulate that any water, including 
groundwater, to be used for drinking must not exceed 10 mg/l nitrate-N (MTDEQ, 2002). 
Additionally, a “significant change” to groundwater quality requiring regulatory review is 
triggered by exceedence of 5 mg/l caused by domestic sewage effluent at the boundary of 
applicable mixing zones (i.e. property lines) (MTDEQ, 1996). Missoula county is 
aggressively perusing a program to reduce the number of residential subdivisions served 
by septic systems, and advocating expansion of sewer lines and central wastewater 
treatment facilities (Missoula County, 2002).
Septic System Regulations:
Local and state laws regulate the occurrence and design o f septic systems. The 
Missoula City/County Health Code describes in detail physical layout specifications (i.e. 
distance from wells, property lines etc.) and criteria for site approval (Missoula
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City/County Health Code (MCCHC), 1999). The Montana Department of 
Environmental Quality requires review of proposed on-site wastewater systems (75-5- 
303 MCA, MTDEQ, 1995). These rules require a hydrogeological and water quality 
analysis of the site, with data collected to be used in the Bauman & Schaffer mixing 
model (Bauman & Schaffer, 1984). State law stipulates that if existing nitrate-N 
concentrations or those predicted to occur as a result of the new development are below 5 
mg/l, a "non-significance" ruling is issued, and development is allowed to proceed with 
conventional septic systems. If exceedence of 5 mg/l is predicted or observed, the effects 
of superior performing (level II) septic systems are evaluated, and the nitrate-N limitation 
is increased to 7.5 mg/l. However, Missoula County laws reject this last evaluation, do 
not permit level II systems, and instead require petition for a variance. If the variance is 
denied by the County Health Department, the development may not proceed (MCCHC, 
1999).
Previous Work:
A 1995 report used a mass balance model (Bauman and Schaffer, 1984) to predict 
nitrate-N concentrations and determine carrying capacity for unsewered areas of 
Missoula County (Land and Water, 1995). The Morman Creek Area was identified as an 
area where septic system density should be limited to avoid exceedence of 2.5 mg/l 
nitrate-N (the old non-degradation limit) in the groundwater.
A more comprehensive report issued in 1996 by the Missoula Valley Water 
Quality District (MVWQD, 1996) used eight separate criteria to evaluate eight unsewered 
areas of Missoula County. Overall, Lolo ranked 6̂  ̂in priority out of eight locations in 
regards to aquifer contamination from septic systems, but had the 3"̂  ̂highest average
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nitrate-N concentrations (1.10 mg/l), and ranked 3"̂  ̂ for aquifer susceptibility from septic 
system pollution. Isolated values for nitrate-N in groundwater greater than 2.5 mg/l were 
found, and nitrate-N loading to the subsurface was estimated to be 12,775 pounds per 
year (35 lbs per day). O f the 96 permitted septic systems, 18% were seepage pits.
The Department of Geology at the University of Montana, Missoula, released a 
report in 1996 analyzing the cumulative effect of septic systems on groundwater quality 
(Woessner et. al, 1996). While the report did not examine the Lolo area, it did conclude 
that, a septic system density o f 1-2 per acre can create a negative cumulative effect in 
local (Missoula County) alluvial aquifers. The authors found that a 63-home 
development raised downgradient nitrate concentrations up to 3 mg/l above background.
Chapter Three: Methods
This chapter is divided into five sections: Area Selection, Nutrient Source 
Quantification, Hydrogeology, Water Quality and Numerical Modeling.
Area Selection
The extent of the study site was based primarily on the Missoula Valley Water 
Quality District (MVWQD) and Montana Department o f Environmental Quality’s 
interest in documenting current ground water nitrate-N concentrations in relatively 
densely populated unsewered areas served by domestic water supply wells and the 
potential for groundwater -  surface water interactions that may have an impact on stream 
water quality. Site visits, previous reports and Missoula County databases were used to 
identify such areas. Portions of Lolo identified as future high-density residential areas in 
the Lolo Comprehensive Plan were also included. Details o f the study area outlined in 
Figure 2 are provided in the next chapter.
Nutrient Source Quantification
Determination of nutrient loading to the groundwater required identifying 
households not served by the local sewer district. The MVWQD typically estimates 
septic effluent nitrate-N loading as 50 gal/person/day, 4 persons per household (200 
gal/day/home) with nitrate-N concentrations of 50 mg/l (MVWQD, 1996). All of the 
nitrate-N is assumed to reach the aquifer, resulting in a daily nitrate-N flux of about 3 8 
grams/household/day (MVWQD, 1996). The literature regarding septic effluent 
concentrations and Census 2000 data were examined to determine if these estimations 
were appropriate for the Lolo area. County databases were used to quantify the number
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of dwelling units in the study area that were not served by RSID #901 and census data 
were examined to estimate the number of people per dwelling unit.
Estimates of potential loading from lawn fertilizer were made on the following 
assumptions: 50% o f the units in the study area fertilize 5,000 ft^ lawn with 3 lbs N per 
1000 10% of which leaches through to the groundwater. These estimates were made
on a study-wide basis, and individual lots were not assessed for their fertilizer-leaching 
potential.
Hydrogeology
Estimation of nutrient loading to Lolo Creek and the Bitterroot River was based 
on a hydrogeologic analysis of the study site. This included the establishment of aquifer 
properties, potentiometric surfaces, surface water-ground water interactions, a water 
budget, and determination of nutrient concentrations in the ground water.
Aquifer Characteristics
Wells in the study area were identified and inventoried using the Montana Ground 
Water Information Center on-line database (GWIC, 2002) and a Missoula County 
property database. Driller’s logs provided information on general geology and water 
table position, and were used to construct geologic cross sections o f the area.
Transmissivity and hydraulic conductivity were determined using specific 
capacity data from well logs, and aquifer test data from previous work (Land and Water, 
1995) and from work performed for this report (details are found in Appendix A).
Well Network and Ground Water Elevations
In order to establish ground water elevations and flow directions, a network of 
water level monitoring wells composed of private water supply wells, public water
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supply wells, shallow monitoring wells and piezometers was established. Most wells are 
identified with the Montana Bureau of Mines and Geology’s Ground Water Information 
Center Identification Number (GWIC ID).
One hundred and five local homeowners with private wells and public water 
supply operators were contacted via a general mailing as well as through personal visits, 
and invited to participate in the study. A network o f wells was created based upon 
respondents to these efforts and knowledge of well depth. Permission was obtained from 
well owners to sample water quality and measure water levels in these wells as needed.
Five shallow wells were installed using a direct push drill (GEOPROBE), and 
nine water-level piezometers were installed (hand-driven) to characterize portions of the 
ground water system near the water table. General monitoring well and piezometer 
design are illustrated in Figure 7 and details on construction, installation and 
development o f wells and piezometers are in Appendix B.
Water table elevations were measured from the top of the well casing with an 
electronic water level meter to the nearest 0.01 ft. Additionally, two shallow private 
wells were instrumented with Stevens (Type F) continuous water level recorders 
equipped with 32-day clocks. All wells and piezometers used for water level 
measurements were surveyed to established USGS benchmarks in the area using standard 
techniques and equipment (Leica Model 2000 Total Survey Station). Water level 
measurement methods and results, including error calculations, are in Appendix C.
The Surfer mapping program was used to evaluate potential subtle seasonal 
changes in flow directions. Well coordinates and elevations were entered into a grid, and 
triangulation with linear interpolation used to create contours. Ground water flow
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Figure 7: Ground W ater and Surface W ater Instrumentation
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directions were interpreted to occur perpendicular to equipotential lines, and were 
generated for different dates.
Ground Water -Surface Water Interactions
The nature of local ground-surface water interactions was determined using three 
methods; comparison of stream water levels with ground water levels, seepage runs, and 
measurement o f vertical streambed hydraulic gradients with piezometers.
A series of staff gauges was used to measure stream stage. These were 
constructed of metal fenceposts with 3-ft aluminum rulers held in place with baling wire, 
and firmly hand-driven into the streambeds o f Lolo Creek and the Bitterroot River. 
Installations sites were chosen that were relatively evenly spaced and easy to access, and 
situated to minimize potential destruction and maximize capture of anticipated stage 
changes. Staff gauges were surveyed to established benchmarks as described above.
Discharge measurements of Lolo Creek were taken periodically at different 
locations using standard methods and equipment (Price AA or Pygmy meter and Aqua- 
Calc discharge calculator)(Brooks et al, 1997). Measurement locations were chosen to 
minimize differences in streambed topography between sites, maximize ability to capture 
a large range o f flows, and encompass the extent of the study area. Staff gauges were 
installed at discharge measurement sites, and correlated with discharge measurements to 
yield a stage-discharge relationship at two points on Lolo Creek.
Discharge measurements were also collected at two locations in the McClay 
irrigation ditch to determine if ditch water was recharging the local ground water system.
Piezometers were used to determine vertical hydraulic gradients in local surface 
waters. An equilibrated water level (w.l.) inside the pipe lower than surrounding surface
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water is indicative of a negative gradient: gradient ^  (w.l. well -  w.l. stream) 4- (total pipe 
length — pipe length above sediments) where the top of the pipe is used for reference 
(Figure 8). A peristaltic pump was used to pump water in and out of an installed 
piezometer until a relatively rapid return to equilibrium was achieved. Both positive and 
negative gradients were created during development.
Water Budget
A groundwater budget was created for the study area. Components evaluated 
include Lolo Creek, the Bitterroot River, groundwater to the west, north and south, and 
seasonally, the McClay irrigation ditch, precipitation and évapotranspiration, where:
IN (GW west + Upper Lolo Creek + Lower Lolo Creek + McClay Ditch + Precipitation) 
OUT (GW north + East Mormon Creek Area + Bitterroot River + Evapotranspiration). 
Groundwater storage was also evaluated.
Quantification of groundwater fluxes was made by using Darcy’s Law across the 
appropriate area. In the western end of the study area, the cross-sectional area o f the 
valley was determined by extrapolating the slope of the surrounding hills into the valley, 
and in the L&CA an aquifer thickness of 100 ft was used and in the East MCA, 70 ft.
Loss from Lolo Creek was quantified through discharge measurements.
Water Quality
Groundwater samples from domestic and public water supplies were collected 
from an outdoor spigot when available, and inside faucets when not. Faucets were left on 
for at least five minutes or until the well pump could be heard to be actively pumping for 
three minutes, in order to purge the well casing and pressure tank. Geoprobe wells and
piezometers were purged of at least three well volumes using a hand-held peristaltic 
pump.
After purging, preliminary samples were collected in a clean plastic container and 
analyzed for pH, conductivity and dissolved oxygen (DO). Samples were taken for 
analysis o f anions, cations, ammonia and alkalinity when the above parameters had 
reasonably stabilized. A 60 ml sample was filtered through a 0.45 pm filter (Aquaprep- 
V) for each anion and cation samples, and the cation sample was acidified with trace 
metal grade hydrochloric acid to pH 2.0 (4 drops per 60 ml). The filter was fitted to a 
tygon tube and coupling that screwed onto a hose bib (for domestic wells) or to a 
peristaltic pump hose (Masterflex). Both 60 ml and 125 ml samples were collected 
unfiltered for ammonia and alkalinity analysis, respectively. After sanitizing the faucet 
with a mild bleach solution, samples were collected for coliform bacteria analysis in 
sterilized polyethylene bottles obtained from the Missoula County Health Dept. Simple 
presence/absence analysis (Colisure®) was used for Coliform analysis.
Surface water samples were taken for the same analytes and from midstream (if 
possible) and depth integrated by raising and lowering the sample bottle or peristaltic 
pump intake. All samples were transported and stored at 4 °C.
Conductivity, DO and pH were measured in the field, and anion, cation, 
alkalinity, and ammonia analysis performed in the University of Montana’s Murdoch 
Environmental Analysis Lab. Table 2 provides a summary of laboratory methodologies, 
parameters measured, and equipment used. Not all water samples were analyzed for all 
parameters. Quality control and assurance methods and results, including instrument 
calibration techniques are presented in Appendix D.
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P aram ete r
Am m onia (a s  N) 
Alkalinity (a s  C a C 0 3 ) ‘ 
H ydrogen  Ion (pH)  ̂
D isso lv ed  O x y g en  
Conductivity '
U n its
Table 2: Lab Methods
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Numerical simulations were run in order evaluate conceptual models of the 
groundwater system, aquifer parameter estimates, and examine the occurance and 
transport o f nitrate-N in the groundwater system.
Study-wide Model
Septic system, water level, water quality, hydrological, and geologic data were 
used in conjunction with Visual Modflow (Waterloo Software, 1998) and MT3D96 
(Zheng & Wang, 1999) to create and calibrate a three dimensional groundwater and 
contaminant transport model of the study area.
Base map and Grid
A base map consisting of a topographic map and county property lines was used 
to assist in placement o f model parameters such as wells, rivers, etc. Model coordinates 
were in units o f feet and a uniform grid size of 146 x 146 ft was used, resulting in squares 
with an area of 0.49 acre.
The model was constructed with 8 layers and all elevations in the model are equal 
to real world values minus 3,000 ft. The top layer was created using surveyed elevations 
of well casings and is o f variable thickness, resulting in a topography that roughly reflects 
the valley floor elevation. The upper and lower bounds of the second layer were created 
by adding 8 and subtracting 12 ft from water table elevations at observation points, and 
importing as model layer elevation. Minor adjustments to individual cell dimensions 
were made to constrain the water table to layer 2. Layers 3 and 4 were 15 ft thick, layers 




The steady state model used no-flow, constant head and head dependant 
boundaries, based on August 24, 2001 water table elevations. Physical no flow 
boundaries in the model include the base of the model (held constant at 0 ft (= 3000 ft) 
and the borders coincident with the surrounding bedrock hills (with the slope of the hills 
extrapolated into the model). The southern portion of the study area in the Bitterroot 
valley is represented as a hydraulic no-flow boundary, parallel to the flow lines in the 
area.
Specified (constant) head cells were used parallel to equipotential lines across 
western end of the study area, and in the northern portion of the L&C Area. Head values 
in the west were based upon Lolo Creek stage, and in the north upon the extrapolated 
water table.
River cells were used as head-dependant flux cells to simulate Lolo Creek and the 
eastern Bitterroot River boundary. August 24 2001 staff gauge readings were used in 
assigning model river elevations and a uniform river depth of 1 ft was used in cells 
representing Lolo Creek, 2 ft in the Bitterroot River. River elevations between staff 
gauges were based on linear interpolation between the two nearest staff gauges. A 
conductance value of 17,000 ft^/d (river width per cell = 45 ft, length = 150 ft, riverbed 
sediment thickness = 2 ft, and riverbed hydraulic conductivity = 5 ft/d) was used for Lolo 
Creek and 200,000 ft^/d for the Bitterroot River (w & 1 = 146 ft, riverbed thickness = 4 ft 
and K = 40 ff/d).
Septic Systems
Individual septic systems were modeled using shallow injection wells finished in 
layer 2. These wells injected at a rate of 20 ft^/d (150 gal/day) per household and were 
assigned as point sources with concentration 50 mg/l to simulate nitrate-N in septic 
effluent. A total o f 434 injection wells were used, with a total discharge equivalent to 
658 households of 13,166 ft^/d. 350 injection wells simulating 1,200 residences were 
placed in the Hwy 12 Area of the model representing future conditions.
McClay Irrigation Ditch;
Injection wells were used to simulate the leaky McClay Irrigation ditch. The 
ditch was assumed to loose 2 cfs between Mormon Creek Rd and Sapphire Lane, a route 
modeled as 40 cells. Therefore, each cell contained one well injecting at a rate of 4320 
ft^/day ((I/40)*2cfs*24*3600). The ditch was expanded to the northwest and southeast 
to encompass a total o f 64 cells (3.2 cfs), and turned on and off every half year for 
transient simulations.
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Chapter Four: Results 
Nutrient Source Quantification
Septic Systems
There are approximately 650 unsewered dwelling units (DU) in the study area 
(Figure 10). Each dot in Figure 10 represents a lot with an unsewered unit, and lots with 
more than one unit are labeled.
The highest densities (6-10 DU/acre) are found in mobile home parks (4 to 7.5 
acres per park) near the Hwy 12 & 93 Junction and in the Mormon Creek Area. The 
Shelby and Bitterroot Meadows subdivisions feature a total of 118 half-acre lots (2 
DU/acre) and the density for the most populated portion of the is nearly 1.5 DU/acre.
Nutrient loading from septic systems is population dependent and thus varies 
considerably throughout the study area (Table 3). Aerial loading rates in developed areas 
vary over an order o f magnitude within the study area.
Lawn Fertilizer
Potential nutrient loading from lawn fertilizer was estimated by assuming one half 
of the residential units in the study area fertilized 5,000 ft  ̂ lawn with 3 lbs N per 1,000 ft  ̂
with 10% leaching potential. This results in an estimated input to the groundwater of 
-220 kg N per year throughout the study area.
Biosolids
The nitrogen concentration of land-applied sewage sludge was not determined. 
The 500,000 gallons applied annually to the 60 acres in the study area are about 20% of 
the maximum Annual Application Rate (AAR) as set by the EPA, and thus as nitrogen is 
being underapplied, no leaching is expected (USEPA, 1995). While theoretically there
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Figure 10: Unsewered Dwelling Units #
{marked a t cen te r of lot, values grea ter than  1 per lot noted)
Hwy 12
Shelby
Mormon C reek 
M eadow s
Table 3: Approximate Nitrate-N Loading to Groundwater
S eo tlc  S y s te m s :
Assum ptions: 3 people per unit, 50 gai/person/day effluent, 50 mg/l NO3-N in effluent
P aram eter Total S tudy Area Mormon C reek Area Hioh Density Mobile Home Park
# R esidential Units -6 5 0 -2 8 0 6 - 1 0  per acre
NO 3-N/ day 16.6 kg (36.5 lbs) 8  kg (17.5 lbs) 0.15-0.34 kg (0.34-0.56 lbs)
NOj-N/ year 6 ,062  kg  (13,335 lbs) 2 ,900  kg (6,400 lbs) 56-93 kg (1 2 3 -2 0 5  lbs)
A rea (lots only) 2 .8E 6 m 2  ( 6 6 8  acres) 8.7E5 m 2  (210 acres) 1 6E4 -1  3E5m2 (4 - 7.5 acres)
Aerial loading/day 5.9 mg/m2/d 9.1 mg/m2/d 3 7 -6 1  mg/m2/d
Aerial loading/year 2 , 2  kg/m 2 /yr 3.3 kg/m2/yr 13.3 -22.2 kg/m2/yr
Law n F ertilizer:
A ssum ptions: 325-5 ,000 ft^ lawns receive 3 lbs N/yr, 10% leacties to groundw ater
NO 3 -N/ year - 2 2 0  kg
B ioso lid  L and A p p lica tio n :
Assum ptions: 500,000 gal/yr, 100 mg/l, 10% leaches to groundw ater
NO 3 -N/ year - 2 0  kg
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should be no leaching, uneven application rates and/or geologic heterogeneity may lead 
to less than 100% removal of N. If 10% of total applied is assumed to leach to the 
groundwater as with lawn fertilizer, and N content is assumed to be 100 mg/l, loading is 
estimated at about 20 kg/yr for N budget purposes.
Thus, the potential loading of nitrogen from septic systems is an order of 
magnitude greater than from reasonable estimates of loading from lawn fertilizer and 
biosolids application, and remains the focus of the study.
Hydrogeology
Qualitative Description
Well log data was used to construct representative cross sections marked in Figure 
11. Designation between “clay and gravel” and “clay, sand and gravel” as described in 
well logs was assumed to be subjective enough to not warrant separation. Section A-A’ 
trends south to north, and reveals bedrock in the south foothills, the appearance of clay 
near the hills and in the upper layers of the valley fill near Lolo Creek, and predominantly 
sand and gravel below (Figure 12). Section B-B’ runs west to east through the Hwy 12 
Basin into the southern L&C Area, and intersects section A-A’ at well # 67525 (Figure 
13). The presence o f clay in the upper valley fill appears concentrated in the central 
portion of the study area, with sand and gravel dominating.
Section C-C’ runs west to east through the MCA, and shares two wells with A-A’ 
(Figure 14). Layers of clay appear isolated, with sand and gravel in the west giving way 
to sand in the east. Sand is reportedly prevalent in the northwestern L&CA, with 
increasing clay toward the northeast (not shown).
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Interpretation of these data leads to the conclusion that the aquifers in the study 
area are primarily heterogeneous, unconfined sand and gravel aquifers with isolated areas 
of clay or clay mixed with sand and/or gravel. The clay-laden layers may act as 
aquitards, inhibiting ground water flow between the upper and lower portions of the 
aquifer and creating semi-confined conditions. However, the apparent discrete nature of 
the (pure) clay suggests that flow may not be stopped, but channeled into preferential 
pathways. Thus, deeper portions of the aquifer are potentially subject to contamination 
originating near the surface. Well logs identify the southwestern Mormon Creek Area 
and the northern Lewis and Clark Area as the areas with the highest presence of either 
driller reported clay, or sand and gravel imbedded in clay. In the MCA, 25 well logs 
report clay at depths between 29 and 37 feet below ground surface (bgs), mostly south of 
Mormon Creek Road. The clay is generally thickest near the bedrock foothills and is 
found less frequently towards Lolo Creek, although there are exceptions.
Eroded and redeposited Tertiary sediments and Lake Missoula sediments are the 
most likely sources o f the clay. Pliocene volcanic ash is widespread in the Bitterroot 
Valley, and incorporated into Tertiary sediments (Hutchison, 1959). Glacial Lake 
Missoula rose to a height of about 4,350 ft during the Pleistocene, covered the study area 
(3,150-3,200 ft) with 1,100 to 1,200 ft of water, and deposited widespread fine-grained 
sediments throughout western Montana.
Several well logs indicate limited productivity in the upper 40-60 feet, with an 
extensive high productivity zone of gravel or sand + gravel at depth, and most alluvial 
wells are about 60 ft deep and feature an open ended casing.
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Analysis of well log geology was problematic, as the quality of the logs varies; 
often changes in geology coincided with different drillers. Thus, the subjective nature of 
well log geology was taken into account during analysis.
Wells in the southern hills are finished in Precambrian Belt-Series bedrock of the 
Wallace Formation (shale, limestone) and no attempt was made to determine bedrock 
aquifer properties.
Quantitative Description
Analysis of well logs (Appendix E) revealed 13 logs with data suitable for 
specific capacity analysis. These wells yielded a range of hydraulic conductivity values 
over an order o f magnitude, which did not appear to correlate well spatially or with well 
log geology (Table 4). The average hydraulic conductivity value for these wells was 600 
ft/day. The median was lower at 300 ft/d, as was the mean if open-ended wells were 
excluded, and if the two high and low values were eliminated: 400 ft/d. Appendix A 
contains specific capacity calculations.
Hydraulic conductivity (K) and storage coefficient (S) values were also obtained 
from the results of two pumping tests (Table 5). The range of values calculated falls 
within published estimates o f K and S for the given sediment sizes (Driscoll, 1986;
Fetter, 1994). Details o f the test performed for this study are in Appendix A. The 24- 
hour pumping test was performed on well # 149678 by Land and Water Consulting 
(1995). While the length and scope of the test favor accurate results, failure to consider 
the effect of nearby bedrock hills and aquifer depth do not. Nonetheless, values 
computed using specific capacity data compare favorably with the aquifer test results. A
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Table 4: Hydraulic Conductivity Values  
as determined from specific capacity data
Depth; Screen-
GWICID*  ̂ K (ft/day) (ft) ! Interval (ft)  ̂Screened Interval Geology Aquifer Type
Mormon Creek Area
67458 2400 66 open gravel semi-confined
65978 600 74 open clay, gravel, sand semi-confined
166000** 400 70 i 60-70 gravel & sand unconfined
65984 300 160 60-140 rock bedrock
186237 300 78 68-78 small gravel, sand semi-confined
65976 200 60 open gravel unconfined
65975 200 60 open gravel unconfined
Hwy 12 Area
..... ....... ....- -...... -------------------------------------- .... .................
134194 900 36 : open sand, gravel & clay unconfined
169334 300 53 ' 45-50 silt, sand & gravel unconfined
67454 ; 200 50 ; open gravel & sand 1 unconfined
67442 : 200 60 , open gravel & sand unconfined
Lewis & Clark Area
--------- : ------------- ——--- --------—  - --------------
67512 2200 60 ; open gravel & sand unconfined
149678 400 115 80-100 clay,gravel,sand, cobbles unconfined
169685 300 41 ! open gravel & sand unconfined
67530 300 70 open gravel & sand unconfined
67505 100 97 ; 77-97 gravel & sand unconfined
600 Total Average *MT Ground Water Information Center I D.
300 Total Median See Figure 13 for well locations
400 Average without extremes ** from pumping test data
300 Average excluding open ended wells
"GWICID
Tables: Aquifer Test Results
[K from Specific K T Method of Analysis Test Duration
(ft) i C apacity  (Table 4); (ft/day) (ft^/day)
149678* ; 83 400 ; 418 34,677 Theim Equation 24 hours
166000** 55 400 400
^300 to 600
23000 
Ï7 0 0 0  to  32000
Modified Theis Equation 
Équiïibrium Equation
200 min
500 to 600 
. . . . . . . . . . . . . . . . . . . . . . . T ooT o 500
26000 to 32000 
23000 To 26000
R ecow ry Analysis 
R ecow ry Analysis
b = sa tu ra ted  th ick ess of aquifer, K = Hydraulic Conductivity, T = Transmissivity 
* Previous work by Land and W ater, 1995 
** This study
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value of 400 ft/day Avas used as a general estimate of K for mass balances and numerical 
simulations.
Well Network
A total of 249 private and public well records were examined, and 130 
successfully located (Figure 15). There were 71 positive responses to recruitment efforts, 
and these wells were monitored or sampled at least once. Appendix E contains the well 
logs of wells used in the study and for other wells for which locations were determined.
Five shallow monitoring wells, three shallow private wells, 8 semi-permanent, 
surveyed piezometers eind 14 staff gauges were used to assist in characterization of the 
upper aquifer (Figure 16). Subsequent references to Upper (upstream) and Lower Lolo 
Creek refer to Lolo Creek in the study area and are in relation to SG#7. Temporary 
piezometers were used at several locations along and in Lolo Creek and the Bitterroot 
River, exact locations of which are discussed below.
Water Table and Flow Direction:
Depth to groundwater varies from less than 5 ft in the southern Lewis & Clark 
Area to 40 ft in the northwest and up to 100 ft in the Mormon Creek Area foothills 
(Figure 17). Overall, the mean depth to water in the alluvial portion or the study area was 
19.1 ft with a 10.6 ft. standard deviation (223 measurements, 56 wells).
The water table in the southern portion of the Lewis & Clark Area, much of which 
is within the 100-year floodplain, is seasonally very shallow. Several homeowners have 
resorted to constructing mounds on which to build houses and/or septic drainfields in 
order to develop their land.
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Figure 15: Public & Private Water Supply Wells
Approximate locations, identified with GWICID num bers if known 
Shaded wells used in study
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14 166000,1 36 128945
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16 Russell 38 65973
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21 67457 43 65974
22 67449 44 65977
23 160332 45 132821
24 67450 46 147907
25 65988 47 65983
26 65986 48 157461
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Figure 17: Depth to Groundwater (ft)
approximate Aug. 24, 2001 5 ft intervals
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Continuous water level recorders were installed in wells 161956, in west MCA 
and Well A (a shallow irrigation well) in the central L&CA in June (Figure 18). Water 
levels in both wells correspond well with precipitation data (Figure 4), with the highest 
levels in mid-June. The spring-runoff rise is roughly twice as high in well # 161956, 
where the alluvial valley is much narrower. The large drop in water levels in well A in 
September corresponds with the drying up of Lolo Creek during its last mile during this 
time. October rains replenished Lolo Creek and were subsequently detected by both 
wells.
The peaks in the hydrographs in (Figures 18) appear to be offset from the peak 
discharge of Lolo Creek at SG#1 (Figure 19); while water levels in wells peak in mid 
June, the highest river stage or discharge was recorded in late April. The maximum 
discharge may not have been recorded, given the relatively short term nature of historical 
peak discharges (Figure 5) and frequency of sampling. Observed water levels in Lolo 
Creek fluctuated by about two feet over the course of the year. Comparison with the 
historical data in Figure 19 indicate that 2001 was a low-flow year, and that water level 
changes and subsequent ground water flows may be greater in other years. The data and 
methods used to produce the data in Figure 19 are in Appendix F.
Groundwater flow direction changed little over the course of the year; the 
potentiometric map for August 24, 2001 (Figure 20) is presented as typical conditions 
(the end of August corresponds to the tail o f the falling limb in the previous well 
hydrographs, prior to the continued decrease in water levels due to low flow in Lolo
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Figure 18: Continuous Water Level Recorders Hydrographs
located on map
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Figure 19: Lolo Creek Hydrograph
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Creek). Flow directions are generally west to east, with a slightly northward component 
in the northwest, and radiate outward from Lolo Creek, indicating that it is a loosing 
stream. The lack of wells due to restricted access near the confluence with the Bitterroot 
River hinders strict interpretation of local stream —groundwater interaction based on the 
potentiometric surface.
The possibility o f seasonal changes in local flow directions in the MCA due to 
leaky McClay irrigation ditch in the southwestern foothills or changing water levels was 
examined. Overlapping data from six dates reveals a slight shift in flow direction (Figure 
21). In March and April, flow directions were more southerly than in the other months. 
Flow directions are shifted more directly toward the west through November, although 
the greatest shift was in June. A maximum directional change of 20 degrees was 
observed between March and June, with flow directions at other times resembling June. 
This method is not intended to define groundwater flow directions, and is only used to 
compare the relative changes throughout the year.
Groundwater gradients vary from 0.001 in the north east to 0.008 in the west, and 
average about 0.005 (from Figure 20). The average linear velocity (Vx) of ground water 
can be computed as Vx = Ki/ne, where i = gradient and ne = effective porosity (Fetter, 
p i 45). An average linear velocity of 10 ft/day is calculated by using K = 400 ft/d, i = 
0.005 and ne = 0.2.
Ground Water -Surface Water Interactions
Vertical streambed gradients and discharge measurements were used in addition 
to interpretation of potentiometric maps to quantify the relationship between the 
groundwater Lolo Creek, the McClay Irrigation ditch and to a limited extent, the
Figure 21: Seasonal Changes of Flow Direction in Mormon Creek Area
__________________________thin lines are equipotential lines for different dates__________________________
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Bitterroot River. Potentiometric maps indicate flow directions generally away from Lolo 
Creek and toward the Bitterroot River (Figure 20). This fundamental relationship did not 
appear to change throughout the year.
Discharge was also calculated periodically in Lolo Creek. Lolo Creek looses 
between 8 and 22 cfs between SG#1 and SG#7 (Figure 22). The loss does not correlate 
well with either discharge or time of year for the period of study. Complete discharge 
measurement records including discussion of error are in Appendix F.
Discharge measurements were also taken once in the McClay irrigation ditch 
(Figure 22). The ditch travels roughly 5,000 ft between the Mormon Creek Rd crossing 
and the Sapphire Ln crossing, and has a width o f about 10 ft. The ditch appears to be 
loosing about 2.2 cfs along this distance, although the range based upon measurement 
error is quite severe (0.23-4.1 cfs).
Vertical hydraulic gradients in streambeds were measured with piezometers 
(Figure 22). Results were consistent with previous interpretations; strong downward (-) 
gradients in the McClay ditch and most of Lolo Creek, and upward (+) gradients near the 
Bitterroot River.
Darcy’s law was used (K=Q/iA) to estimate hydraulic conductivity of the riverbed 
sediment (sand, gravel, cobbles), as a way to double check on creek losses from 
discharge measurements. The average vertical gradient (i) measured in Lolo Creek was 
-0.24 . The cross sectional area, L x W where L = distance from SG#1 to SG#7 % 11,000 
ft and W « 60 ft, is roughly 660,000 Using a Q (loss) o f 15 cfs ( -1 .3E6 ft^/d); a 
riverbed K of 5 ft/d is calculated. Doubling or halving the area used results in a range 
from 3 to 9 ft/d, and ranging the gradient over an order of magnitude from O.lto 1.5
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Figure 22: Physical Evidence of 
Ground Water-Suitace Water Interactions Tyler Lane
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results in a range o f 1 to 20 ft/d. These figures are all within the range of estimates for 
similar riverbed sediments reported in Calver, 2001 (0.3 to 30 ft/d).
Actual values most likely vary several orders of magnitude spatially and over the 
course of the year. Streambed topography, clogging from sediment and organic matter 
accumulation and flow regimes are all possible of creating wide fluctuations in riverbed 
K, and may account for the variations in loss between SG#1 and SG#7 during the times 
measured.
Applying the same technique to the McClay ditch (average gradient i = -0.96, W 
= 10 ft, L = 5000ft and loss=1.9E5 ft^/d), a ditch lining (sand, gravel) K of 4 ft/d was 
calculated, and shows reasonable agreement with published estimates (Calver, 2001).
Qualitative Observations
Visible signs of groundwater discharge to Lolo Creek were limited to the area 
near the confluence with the Bitterroot River, where springs feed nascent rivulets which 
eventually discharge into Lolo Creek, and correspond to area of + vertical gradients in 
Figure 22. Groundwater upwelling also creates surface flow in the Legend Lane area, 
which eventually either enters Lolo Creek % mile to the south or is channelized toward 
the Bitterroot River south of the confluence. These seeps appeared to increase during 
high water. Unfortunately, research was prohibited in some seepage areas and where the 
surface flow entered Lolo Creek or the Bitterroot River.
Distinction between side channels of Lolo Creek near the confluence and actual 
ground water discharge was easily made during the winter months, as groundwater- 
recharged pools and rivulets remained liquid and contrasted nicely with ice-choked Lolo 
Creek and its associated meanders. The gradient measurements taken along spring fed
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rivulets were not uniformly in one direction, indicating that preferential pathways exist 
for emerging groundwater. The hydrology of the area is complicated by extensive rip- 
rapping o f the north and west bank of the creek near the confluence and south of SG#7. 
This artificial armoring has caused Lolo Creek to abandon the channel identified on 
contemporary maps and head southward, where it actively cuts into the flat, broad and 
fine-grained floodplain before making its way back to the “historic” confluence. Most of 
the springs are in the abandoned (now overflow) channel, and thus the spring water may 
have as its source Lolo Creek itself, 1,000 to 3,000 ft to the west. This possibility is 
further explored below.
Lolo Creek tends to dry up intermittently during drought years (of which 2001 
was one) along the last mile before the confluence with the Bitterroot River. Figure 23 
shows the extent o f the creek at various dates. The groundwater seeps south and west of 
SG#7 were absent during low water.
Limited groundwater-surface water interaction work was done on the Bitterroot 
River, as potentiometric surfaces and numerous springs and groundwater seeps along the 
west bank of the river left little doubt that the stream is effluent. The gradients shown in 
Figure 22 were primarily taken at the water-land interface near springs or in side- 
channels. Attempts were made to measure vertical gradients in the mainstem streambed, 
but the depth and coarse grained nature of the sediments made the task very difficult. 
Water levels consistently and immediately equalized with the river, suggesting that the 
piezometers were not deep enough, sediment size too large (cobbles) to get a good seal 
along the piezometer, or both.
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Figure 23: The End of Lolo Creek











Algal growth on riverbed sediments reached a maximum during the summer 
months, and appeared to be uniform throughout the study area. More vibrant blooms 
persisted in side channels along the Bitterroot River, in Lolo Creek near the confluence 
and in springs in the abandoned channel area of lower Lolo Creek.
The Doyle Slough, north of the Study Area (Figure 2), appears to be an area of 
groundwater discharge, although no quantitative work was done here. Isolated portions 
of the slough (toward the east) had abundant algae and aquatic plants during the summer 
months, while the main water body was relatively clear.
Water Budget:
Significant components o f the water balance in the Lolo Area include Lolo Creek, 
the Bitterroot River, groundwater in the west and north and the McClay irrigation ditch 
(Figure 24 & 25) Recharge from precipitation (-13 inches/yr) was not included, as 
annual évapotranspiration rates exceed precipitation rates (Figure 4) (Land & Water,
1995) and no évapotranspiration or precipitation data were collected for this study.
Based upon fluctuations in loss from Lolo Creek, input to the groundwater varies 
significantly over the course o f the year. Much of this input is not directly transferred to 
an output, but rather results in a temporary increase in water level. A seasonal change in 
water level o f 3 ft. over the roughly 3 mi^ study area, with a specific yield estimated at 
0.2 (Fetter, 1994), results in an temporary storage of roughly 5x10^ ft  ̂o f water.
Likewise, when inputs to the system drop, outputs may continue at high levels due to 
release from storage. This and the seasonal nature of the input from the McClay ditch 
necessitate determination of the groundwater budget over the time of one year.
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Figure 24: Water Budget Outline, Results & Assumptions
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Figure 25: Location of Water Budget Boundaries
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For water budget calculations, estimates for each component were varied in an 
attempt to address the inevitable errors made when simplifying a complex natural system. 
For calculations using Darcy’s Law, three different hydraulic conductivity values were 
used (350, 400 & 450 ft/d). For estimates based upon discharge measurements, the 
observed range was used.
Inputs:
As discussed above, Lolo Creek is an overall loosing stream from SG#1 to 
beyond SG#7. Measured rates o f loss vary from -10  to 20 cfs, with higher estimates 
likely to be more accurate as loss below SG#7 was not quantified.
Groundwater enters the western end of the Study Area near SG#1 (Q-R in Figure 
26). Groundwater inflow can be calculated using Darcy’s Law, Q=KIA, where Q = 
discharge in cubic feet per day, K = hydraulic conductivity (ft/d), I = gradient and A = 
area (ft^). The alluvial valley here is about 2,000 ft wide with an unknown depth of 
unconsolidated sediments. A rough estimate of the area (265,000 ft^) is made by drawing 
the valley in cross section, extrapolating the slope of the mountains to create a triangle 
with the water table elevation, and using geometry (Figure 26). The slope of the water 
table in this area is approximately 0.008. Using the average value for K of 400 ft/d, 
groundwater input to the western end o f the study area is calculated to be -  3.1 E8 ft^/yr 
(10 cfs) (Figure 26).
The McClay irrigation ditch seasonally looses approximately 2 cfs from Mormon 
Creek Road to Sapphire Lane, travels about 1-1/2 times this distance in the study area, 
and flows for about half the year. Estimated contribution was based upon leakage of 1,2 
and 3 cfs.
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Figure 26: West Valley Cross Section Q-R
with estimation of saturated area and ground water discharge
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i = 0.008 
A = 2.65 E5
Q = 8.5 E5 ftVd
4^
Potentiometric maps indicate that the southern end of the study area in the 
Bitterroot valley parallels a flow line, and thus a no flow boundary was assumed.
Output:
North o f Lolo Creek, ground water either exits the study area via the northern 
boundary or dischcirges into the Bitterroot River.
Discharge can be computed to the effluent Bitterroot River using Darcy’s Law in 
both the horizontal and vertical directions, which should be equal if all groundwater is 
entering the river (M-N in Figure 25).
The horizontal groundwater gradient to the river generally increases near the 
river, and ranges from 0.008 in the north (well #67463 to SG#12) to 0.005 in the south 
(MW#5 to the Bitterroot midway between SG#10 and SG#11 : the slope of the Bitterroot 
is relatively constant between SG#10 and SG#11, allowing for linear interpolation 
between the two points). The average gradient o f 0.006 is also the measured value 
midway, between 154065 and SG#11. Calculations were made by assuming an aquifer 
depth of 100 ft and length along the Bitterroot » 6,000 ft. With K = 400 ft/d, 
groundwater discharge to the river is roughly 4.7 E8 ft^/yr (15 cfs).
Using average vertical gradients taken along the banks and in side channels 
(+0.10), river length =6,000 ft, river width = 150 ft and estimated K of river bed 
sediments as 20 ft/d, discharge to this stretch of the Bitterroot River is estimated to be 
about 6.6 E8 ftVyr (21 cfs).
Groundwater exits the northern end of the study area (L-M in Figure 25), the 
dimensions roughly w=4,500 ft, h=100 ft and i=0.003. If K=400 ft/d is used, discharge is 
estimated at 1.8E8 ft^/yr (~6cfs).
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South o f Lolo Creek, the ultimate fate of groundwater is the Bitterroot River, 
either directly or via Lolo Creek. Groundwater seeps and springs totaling about 3 cfs 
were observed emerging and entering Lolo Creek near the confluence periodically, but 
lack of consistent observations and instrumentation in the area make budget calculations 
difficult. Thus, for the water balance, the groundwater flux upgradient through the 
eastern MCA was used (O-P in Figure 25). An average gradient of 0.005, K = 400 ft/d, 
and cross sectional area of 1.8E8 ft  ̂(SG#6 to the foothills (2500 ft) and parallel to 
potentiometric lines with saturated thickness = 70 ft) yields a flux of 8.8 E8 ft^/d.
These budget computations involve a considerable estimation and assumption, 
and the results (Figure 24) have a correspondingly wide range of error and serve to 
support the conceptual model o f the ground water system in only a general way. The 
variations in K or loss from streams result in flux differences o f 25% and 50% between 
high and low estimates. Total groundwater flux through the system appears to be around 
eight hundred million cubic feet per year (+/- two hundred million ft^/yr), with Lolo 
Creek the most important input source and discharge to the Bitterroot River the dominant 
output. Calculated inputs and outputs agree reasonably well as calculated, supporting the 
conceptual model o f the study area.
Ground Water Quality:
Ground water in the study area is generally a high quality, calcium carbonate type 
(Figure 27). Complete water quality analysis results are presented in Appendix D. Most 
samples had a Ca:Mg ratio o f roughly a 3 to 1; the distinct cluster in Figure 27 with a
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Figure 27: General Water Chemistry
Averaged Over Time for Locations with Mutiple Samples
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much lower ratio (-0.5) is from the foothills in the MCB. Some alluvial wells in the 
MCB also contained elevated Mg, indicating some mixing with bedrock aquifer water or 
proximity to bedrock at depth. Similarly, wells in the northwestern L&CB contained 
slightly higher Mg and Ca than most locations.
Most samples were slightly alkaline, with some individual wells showing a wide 
range in pH over the year (Figure 28). There is a slight trend of increasing pH with 
depth, and river water forms a distinct cluster around pH 7.5, compared to spring water, 
generally below pH 7.
Sampling from bedrock wells in the foothills of the Mormon Creek Area revealed 
high arsenic concentrations, and water from wells #157461 and #132821 violated the old 
drinking water standard (50 ppb) at least once and the newer standard (10 ppb) several 
times (Figure 29). Monitoring of well #157461 was more intensive due to the higher 
concentrations, and it appeared to increase during the winter. Concentrations of Ni, Mg 
and sulfate at #157461 correlate positively with arsenic, while DO and Ca appear 
inversely related (Figures 30 & 31). Bedrock in the area is primarily shale and limestone 
(from well logs and geologic maps), with igneous intrusions at depth as near as 'A mile to 
the west (well # 123173). During the summer, when As concentrations are generally 
lower, water could be heard dripping rapidly in the casing of 157461, the source of which 
is most likely the nearby and leaky McCIay ditch (residents in the area report seasonal 
springs and seeps coinciding with the arrival of ditch flow).
After confirmation of elevated arsenic on 4/29, the University of Montana 
provided funding for the analysis of additional wells in the area in June. Wells near 
#157461 had little or no detectable arsenic at this time.
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Figure 28: pH vs Depth
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Figure 29: Arsenic in the MCA Foothills
values below MDL (0.005 mg/l) are at 0.0025 mg/l, +/-0.008 mg/l error
A 156472♦  157461
3/11/01
2/7/02 ♦
Feb-01 Mar-01 Apr-01 May-01 Jun-01 Jul-01 Aug-01 Sep-01 Oct-01 Nov-01 Dec-01 Jan-02 Feb-02 Mar-02
69
Figure 30: Correlations with Arsenic in Well 157461
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After confirmation of elevated arsenic on 4/29, the University of Montana 
provided funding for the analysis of additional wells in the area in June. Wells near 
#157461 had little or no detectable arsenic at this time.
Coliform bacteria were detected in both shallow and deep wells (Table 6).
Results were sporadic, with no correlation between nitrate-N or depth of well and 
coliform, and no fecal coliform were detected.
Nitrate-N Concentrations
Analysis o f Previous Work:
Public Water Supply Wells 1995-2001:
Nitrate-N data from public water supply (PWS) wells (Figure 31) since 1995 were 
analyzed. All PW S’s had average nitrate-N below USEPA drinking water standards. 
PWS 4028 had a nitrate-N concentration above the standard on May 3, 1999 (13.1 mg/l), 
but previous and subsequent concentrations were much lower, and nearby wells did not 
report similar concentrations during the same time (Figure 32).
Plotting nitrate-N over time from wells north o f Lolo Creek revealed two 
exceptions to otherwise fairly steady state conditions (Figure 32). First, there are 
sporadic high concentrations, including PWS 4028 as mentioned above, and fluctuations 
over an order o f magnitude at PWS 3771 and 804. Second, there appears to be a weak 
peak of nitrate-N concentrations in some wells (489, 3686, 815) in 1997-8.
South o f Lolo Creek, the most noticeable fluctuations are at PWS 3643 and 444, 
which is actually a network of 5 wells, where nitrate-N values in two wells jumped by an 
order o f magnitude at the end of 2000 (Figure 33).
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1 ' Table 5: Coliform Results
: P re sen ce  (■«-) A b sen ce  (o)
S am ple l Well S am ple i Collfbrm iNOs'(mg/l^ Sam ple! Well Sam ple Coliform NO3 * (mg/l)
N am e; Depth (ft) i D ate Name! Depth (ft) Date
R1; 3/11/01 0 <MDL 124622! 49 4/29/01 0 0.58
65976 60 3/4/01 0 1.57 132299! 38 3/4/01 0 0.37
65976 60 8/28/01 0 0.40 132299 38 8/28/01 0 2.59
67421 30 3/4/01 0 BMDL l n ; 60 8/28/01 0 0.42
67442 50 3/4/01 0 0 . 1 0 132821! 1 2 0 3/11/01 o 1.89
67454 50 3/11/01 0 0.16 144642! 60 4/29/01 + 0.47
674601 79 4/29/01 0 0 . 2 0 1458781 6 8 4/29/01 0 0.48
6 7 4 6 5 i 89 3/11/01 0 . 1 2 157461! 1 1 2 3/11/01 0 0.24
67466 70 4/29/01 0 0.39 158123! 45 3/4/01 0 0.26
67512; 60 3/4/01 o BMDL 159352! 54 3/11/01 o <MDL
67529! 58 3/11/01 0 <MDL 1603321 59 j 3/11/01 0 <MDL
6 7530 i 70 4/29/01 + 0.09 Ï 66000! 70 3/4/01 0 0 . 1 1
675301 ' 25 4/29/01 0 0.07 166006^ 50 3/4/01 0 0 . 1 0
121511 72 3/4/01 0 BMDL MW#1i 23 8/28/01 + 3.82
121924! 38 3/4/01 0 BMDL MW#2I 23 I 8/28/01 + 4.62
122443! 64 3/11/01 0 0.39 MW#3i 23 8/28/01 0 3.80
1240591 99 3/11/01 ! + <MDL MW#4! 8  1 8/28/01 + 0.07
1 MW#5 9 , 8/28/01 + 0 . 0 0
Figure 31: Public Water Supply Wells
with multi-year data 
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Figure 32: Nitrate-N in Public Water Supply Wells
North of Lolo C reek 1995-2001 no te  logarithm ic sca le
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Figure 33: Nitrate-N in Public Water Supply Wells
South  of Lolo C reek  1995-2001 no te  logarithmic sc a le
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The public water supply data were also analyzed on a month by month basis, to ascertain 
whether time of year influenced nitrate-N concentrations (Figures 34 & 35). 
Concentrations appear to increase during summer and into fall at well 3643, with the 
reverse at 489 (Figure 35). Otherwise, no clear trends were discernable.
County Monitoring Wells;
The MVWQD has two 25 ft monitoring wells in the Lolo area, with data collected 
on a quarterly basis from 1995 to 1998, semi-annually (twice a year) since then (Figure 
36). Nitrate-N levels at these wells has not increased since 1995, and concentrations at 
well 122026 appears to be decreasing.
Monthly analysis o f these data reveals slightly higher concentrations in November 
for well 122026, with no clear trend in well 122035 (Figure 37).
This Study (2001):
All N-Nitrate concentrations in wells sampled for this study (2/2001-1/2002) were 
below both the national drinking water standard (10 mg/l) (USEPA, 2001) and below the 
Montana non-degradation trigger o f 5 mg/l (MTDEQ, 1996). Time averaged nitrate-N 
concentrations for all data (including 1995-2001 PWS and County MW data) revealed 
elevated nitrate-N concentrations generally downgradient o f high density unsewered 
subdivisions and mobile home parks (Figure 38). Only bedrock wells in the MCA do 
not fit this pattern, where some wells had high (>2.0 mg/l) nitrate-N and others were 
below detection limits.
Nitrate-N concentrations in water taken from springs and shallow piezometers 
along the banks of the Bitterroot River increased toward the north (Figure 38), with 






Figure 34: Nitrate-N vs Time of Year 
North of Lolo Creek
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Figure 35: Nitrate-N vs Time of Year 
South of Lolo Creek
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Figure 38: Time-Averaged Nitrate-N 
and Coliform Results
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Temporal Changes in Nitrate-N Concentrations 
In 2001, the most substantial temporal changes in nitrate-N concentrations were 
observed at six domestic wells in the Mormon Creek Area (Figure 39). Wells 157461 
and 132821 are located in the foothills and finished in bedrock, and the rest are in the 
alluvial aquifer. Nitrate-N increased during the summer months at five wells and 
decreased at one. Chloride concentrations in these wells followed the roughly the same 
pattern (Figure 40).
Shallow monitoring wells in the MCB also had rising nitrate-N and chloride 
concentrations during the summer, but sampling was begun later in the year (Figure 41 & 
42).
Changes in Nitrate-N Concentrations with Well Depth 
Examination of a cross section through the center o f the Mormon Creek Area, 
running roughly with the direction of ground water flow (Figure 43) revealed increasing 
nitrate-N concentrations with depth and changes over the course of the year (Figure 44). 
Resolution in was greatly increased by July from the installation of shallow monitoring 
wells. Concentrations greater than 1 mg/l appear in the deepest wells in the central and 
western portion o f the cross section throughout the year. However, this plume at depth 
does not remain stable, and appears to migrate downgradient during the late summer and 
winter, originating again during the summer.
In the Lewis and Clark Area, water from two nearby wells revealed an order of 
magnitude increase in nitrate-N in the shallow groundwater (8/28/01): well #159352 (59 
ft, 0.07 mg/l) and an irrigation well (20 ft, 0.85 mg/l)(Figure 15, #41).
Legend Lane Area
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Figure 39: T em poral Nitrate-N C h an g es  
in the Mormon Creek Area 2001
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Figure 40: T em poral C hloride C h an g es 
in the Mormon Creek Area 2001
Pumpco* — 132299 
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Legend Lane Area
The Legend Lane Area (labeled in Fig. 38) was chosen for more detailed analysis 
due to its location downgradient from some of the more densely populated portions of the 
Mormon Creek Road Area, shallow water table, proximity to Lolo Creek, and 
accessibility. The northwestern portion of the area features a small gravel pit and spring, 
both of which seasonally expose groundwater. The floodplain features several 
groundwater seeps in the southeastern portion of the area, which create small channels 
that flow seasonally to the south. Vegetation ranges from open cottonwood forest and 
grassland with scattered shrubs in the west-central portion, to thick willow and wetland 
type vegetation (cattails, etc) toward the south.
One round of water quality and water level sampling was conducted in the 
Legend Lane Area during October and November 2001 (Figure 45). The potentiometric 
surface indicates that Lolo Creek is gaining in this area, preventing the shallow 
groundwater from entering the creek. Potentiometric lines converge more dramatically 
toward the southeast in this area, suggesting that Lolo Creek may become effluent to the 
south.
Gradients taken in the area reveal a complex hydrogeology. Horizontal gradients 
average about 0.005, varying from 0.003 to 0.007. Vertical gradients vary from positive 
to negative. Areas of emerging groundwater (+ gradients) include the north end of the 
gravel pit pond in the northwest (+0.01), and PS (+0.03), and coincide well with 
converging flowlines. Negative or downward gradients were found at the south end of 
the gravel pit (-0.02), the small spring just to south (-0.03) and in Lolo Creek near SO# 9 
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between MW#3 and the Pumpco well. Thus, it appears that the southward bend in the 
potentiometric surface near Lolo Creek causes flow paths to converge, creating an area of 
upwelling in a system that otherwise is dominated by consistent downward gradients.
The higher nitrate-N concentrations found at P2, P6 and P8 and upward gradients 
measured in the area also suggest that high nitrate-N groundwater is upwelling in the 
immediate area. Nitrate-N concentrations in the two deeper wells (Pumpco: 1.84 mg/l, 
and 122443; 0.13 mg/l) were consistent with results at other times as well.
It appeared that emerging surface water at other times of the year (during higher 
water) did not enter Lolo Creek, but was diverted to the south toward additional wetlands. 
Aerial photos (not shown) suggest that there are maintained channels here that shunt this 
water directly to the Bitteroot River. Unfortunately, access was denied to this area.
Nitrate-Chloride Analysis
Nitrate-N: chloride plots are a common and simple technique used to determine if 
denitrification is occurring in ground water or riparian areas (Seitzinger et al, 1993; 
Menghis et al, 1999; Woessner, et al. 1996). The technique is a simple mixing model 
that: 1) relies on the conservative nature o f chloride and, in the absence of denitrification 
or assimilatory reduction, nitrate; 2) is applicable in situations where waters of differing 
compositions mix. Groundwater impacted by septic effluent typically has elevated 
concentrations of nitrate and chloride relative to background water. In a nitrate-N : 
chloride plot, a theoretical dilution line cam be drawn between contaminated water and 
background water, which may have a differing nitrate-N:chloride ratio (Figure 46). If 
denitrification is not taking place, water with intermediate nitrate-N levels should plot
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Figure 46: Theoretical Mixing Curves
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near the dilution line. The slope of the line will vary, as illustrated, depending on local 
source concentrations. Values plotting significantly to the right of observed trends 
indicate a loss o f nitrate-N with respect to chloride, and are indicative of denitrification or 
assimilatory reduction. Sometimes this relationship is expressed by plotting the nitrate- 
N/chloride ratio versus nitrate-N, which produces a curve for a dilution line (Figure 46).
Study Area-wide data from alluvial wells shows a general association of higher 
nitrate-N with higher chloride, and there is considerable scatter taking the appearance of 
two apparent trendlines (Figures 47). The slope of the line generated using 50-50 nitrate- 
N and chloride in Figure 46 is shown for comparison, and appears to fits well with the 
left trend. Most samples with very little nitrate-N typically have between 1 and 2 mg/l of 
chloride. According to the principle behind the nitrate-chloride ratios, samples that plot 
to the right o f the general trend are depleted with respect to nitrate-N.
Closer examination of the data reveals different trends in different portions of the 
study area. Wells in the Mormon Creek Area generally plot on the left of or with general 
trends (Figure 48), with the exceptions being downgradient from Hwy 93. If chloride 
from highway deicer infliltrates the groundwater, lower nitrate-N : chloride ratios will 
result, causing data to fall to the right of the theoretical dilution line. Additional 
indicators o f the reducing conditions necessary for denitrification (elevated sulfate or iron 
and lower D.O. and pH) (Potsma, et.al, 1991) were not present in the samples plotting to 
the right of the general trend.
Some samples from the Legend Lane area had very low nitrate to chloride ratios 
(Figure 49), as well as high sulfate and iron and low DO. Recall that SSW and SGW are 
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spring (Figure 45). These samples had unusually high chloride and SGW had high 
sulfate (24 mg/l) compared to most samples (~5-10mg/l), and SSW had high Fe (0.25 
mg/l) and low D.O. (1.6 mg/l). The gravel pit groundwater, GPN and GPS also contained 
higher than usual iron (0.38 and 0.14 mg/l respectively) than most ground water samples 
(-0.02 mg/l). An oxbow wetland area is located immediately upgradient across the 
railroad tracks to the west and is sepeirated from Lolo Creek by a levee on the upgradient 
side (Figure 46). This apparent evidence evidence of denitrification does not explain the 
elevated chloride.
In the southeastern Legend Lane area, nitrate-N concentrations rapidly fall from 
P2 to P5. A line connecting these four points illustrates a trend that brackets the right 
side of the majority o f data (Figure 49). Background water (Lolo Creek) may be mixing 
with a different source water than on the west side of the highway (MCR data), possibly 
due to elevated chloride from highway deicer. However, it is not unreasonable to expect 
that some nitrate-N removal is taking place in the floodplain.
In the L&C and Hwy 12 Areas, nitrate-N concentrations were generally lower, as 
were nitrate-N ; chloride ratios (Figure 50). Samples taken from springs and piezometers 
near the Bitterroot River (Figure 22) plot to the right of the bulk of samples, but when 
compared with other samples from the L&C and Hwy 12 area, they appear to fall on a 
separate general trend with a smaller slope (Figure 50). Elevated chloride from non-septic 
sources is again possible. The area around the Hwy 93 -  12 junction and north is much 
more urbanized than the Mormon Creek Area and Hwy 12 Area. In addition to highway 
deicer, there are several commercial businesses (i.e. gas stations) that probably contribute 
detectable salt (thus chloride) to the groundwater via sidewalk deicer. Reducing
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conditions were found just north of the confluence along the Bitterroot River (near 
B1 (Figure 16); high Fe, red stains on gravel, sulfurous odors, low DO), but the lack of 
nitrate-N sources in the area suggests that denitrification here is not a factor regarding 
nitrate-N transport in the study area.
Mass Balance:
Cross sections along study area boundaries were used to quantify the amount of 
nitrate-N leaving the system (Figure 51). Data necessary for such calculations include 
average water levels and nitrate-N concentrations, gradients perpendicular to the cross 
section, and hydraulic conductivity (Table 7). Distances were based on straight lines, not 
actual distance between sampling points.
The northeastern and eastern boundary in the L&C A are combined in Figure 52, 
where the fulcrum, point M, is B6. Isoconcentration lines were drawn based upon 
average, measured nitrate-N concentrations, and the area between lines integrated using 
the grid pattern where each rectangle equals 1000 ft .̂ Each area was assigned a nitrate-N 
concentration equal to the median of the bordering contours or highest observed 
concentration, resulting in four generalized nitrate-N values used in calculations: 0.3 
mg/l, 0.75 mg/l, 1.2 mg/l (E) and 1.1 mg/l (N). Different gradients along the east and 
north boimdary were used to account for the difference in angle to flow paths. The 
average groundwater gradient o f 0.005 was used along the eastern portion of the cross 
section, and 0.003 along the northern portion.
Using Darcy’s law, with K=400 fVd, total nitrate-N flux out in both directions is 
estimated at 10.8 kg/d, 26% higher than estimated loading from septic systems in the 
L&C and Hwy 12 areas (Table 8).
89
Figure 51 : Location of Cross Sections 
for Nitrate Flux Calculations
with Potentiom etric  S urface  
and  Flow D irections for A ug.24, 2001 













Table 7: Data Used In Nitrate-N Mass Balance Calculations




Sampling - Sampling Sampling Approximate Average Distance from O
Well ID, Elevation Point Point Elev. : Point Geology ; water level Nitrate (mg/l) Sample Date Along Section
67390 3195 103 3092 rock @ 42 ft 3165 2.4 multi-year 0
157206 3177 27 3140 sandy grawl 3151 1.2 multi-year 700
69020+67396 3175 65 3100 sand gratel 3150 0.5 multi-year 1300
B6 3140 3 3137 sand gravel 3140 0.8 4/29/01 5500
67477 3171 76 3095 sand gravel 3148 0.4 6/14/01 6500
B5l 3142 3 3139 sand gravel 3142 1.7 11/24/01 6700
145878i 3172 68 3104 sand gravel 3149 0.5 4/29/01 7000
674601
........... ” '"B41
3172 79 3093 sand gravel i 3148 0.2 4/29/01 7200
3146 3 3143 sand clay : 3146 0.7 11/24/01 7700
124059! 3173 99 3074 sand gravel 3150 0.1 3/24/01, 8/28/2001 8700
B3i 3146 3 3143 I sand clay j 3146 ! 0.2 11/24/01 9000
B2| 3146 3 3143 sand gravel | 3146 I 0.1 11/24/01 10000
B1| 3146 3 3143 sand gravel ! 3146 BDL 11/24/01 11500
MW#5| 3156 9 3147 Î sand clay I 3153 BDL 8/28/01 11700
E ast Mormon Creek Area I ! 1 1
1Approximate Depth to I
!Land Surface Sampling I Sampling 1 Sampling ! Approximate Average Distance from 0
Well 10r  Elevation Point 1 Point Elev. Ï Point Geology j water level i Nitrate (mg/l) Sample Date Along Section
S G #6 3170 0 3170 3170 - 0
GPNi 3170 3 3164 sand gravel 3167 0.2 11/20/01 700
GPSi 3170 3 3164 ! sand gravel : 3167 1.7 11/20/01 850
SGW; 3170 3 3165 isand clay gravel ! 3168 2.7 11/20/01 1250
122443; 3183 63 3120 sand gravel 3168 0.2 3/11.7/18,8/28,11/20 1450
MW#3- 3181 23 3168 'sand  clay gravel; 3170 2.7 7/18,8/28,11/5,11/20 1900
Ptimpco; 3184 44 3140 ?? 3170 1.9 6/14,7/18,8/28,11/20 2100
65978+65979 3190 85 3105 isand gravel/rock; 3173 0.9 multi-year 2550
166035 3210 163 3047 rock 3185 <0.05 6/14/01 3000
Table 8: Nitrate-N Mass Balance Calculations
____________ for nitrate-N exiting the study area____________
North L&CA East L&CA West MCA
Hydraulic Conductivity (ft/d) 400 400 400
Gradient 0.003 0.005 0.005
Individual Section Area (ft^) 1000 1000 250
Nitrate-N (mg/l) : # sections 1.1: 45 1.2: 14 2.4: 100
0.75: 140 0.75: 58 1.5: 200
0.3: 85 0.3: 140 0.5: 110
Total Nitrate-N Flux (kg/d) 6.1 4.6 8.4
Potential In-Stream





Comparison with Previous Estimates'











*of total loading, based on 3 persons per household, 50 gal/day @  50 mg/l nitrate-N 
effluent
**During summer base flow (-6 0 0  cfs), all nitrate-N reaches river
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Dista n c e  fro m  SG # 6
South of Lolo Creek, a cross section was drawn from SG#6 to well # 166035 
(Figure 53). Contours and section sizes are slightly different than in Figure 52. Total flux 
across this boundary was calculated at 8.4 kg/d, 5.9% higher than septic loading estimates 
(Table 8).
If it is assumed that the Bitterroot River is the final destination for all groundwater 
and associated nitrate-N, loading 10 to 20 kg/d of nitrate-N per day during low summer 
flow (~600 cfs) is expected to raise in-stream nitrate-N concentrations by 0.007 to 0.013 
mg/l, assuming no denitrification or other removal o f nitrate-N. However, the 
assumption that the Bitterroot River is the ultimate receptor o f nutrients in the 
groundwater most likely overestimates loading rates, as potential denitrification or 
assimilatory reduction is not considered.
For comparison, the local wastewater treatment plant (RSID #901) discharges 
about 15 kg/d nitrate-N and 3-4 kg/d total phosphorous directly to the Bitterroot River, 
theoretically increasing summer low-flow stream concentrations by 0.01 mg/l nitrate-N 
and 0.002-0.003 mg/l P (Haverfleld, pers.com, 2002). Nutrient goals on the lower Clark 
Fork are 0.03 mg/l soluble N and 0.006 mg/l soluble P (0.3 mg/l Total N and 0.039 mg/l 
total P) (VNRP 2001).
Numerical Simulation Results:
Calibration:
Initial model calibration was based upon agreement with measured head values in 
30 wells on Aug 24, 2001, flux to the groundwater from Upper Lolo Creek (between 
SG#1 and SG#7) and the overall pre-model computed water balance. A steady state
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model (with the McClay ditch on) was used for initial calibration. Water level calibration 
targets were a mean absolute error o f less than 2.5% of the total head range in wells in the 
study area (—60 ft * 0.025 = 1.5 ft), with no single well error of more than 3 ft. The Lolo 
Creek-groundwater flux target was 12-18 cfs. Water balance flux was assumed 
calibrated if  modeled values for each parameter and total values were within 25% of 
water budget figures.
Modeled water loss from head dependant boundaries (Lolo Creek and constant 
head cells) was dependent upon both hydraulic conductivity, water table elevation, and 
assigned river cell conductance. A uniform hydraulic conductivity o f 400 ft/d (40 ft/d 
vertical) was initially assigned, and river cell conductance values adjusted (to 17,000 
ft^/d) until an acceptable loss from Lolo Creek occurred concurrently with acceptable 
head calculations. Hydraulic conductivity values were then adjusted and response of the 
system monitored. As K increased, all flux rates increased (Figures 54-57) and modeled 
water level elevations dropped (Figure 58). When K = 600 ft/d or higher was used, the 
system became unstable as portions o f the second layer was dewatered and river cells and 
wells were rendered inoperable. However, if  river cell conductance values are 
concurrently increased (to 100,000 ft^/d), flux rates are increased and head values are 
close to measured values (Figures 54, 55 & 58). This illustrates the advantage of having 
two parameters upon which to base calibration.
The model corresponds best to previous water balance calculations with a K of 
300-400 ft/d (Figure 55 & 56). In all cases, there is considerable (-10%  total) additional 
flux out o f lower Lolo Creek and into an active meander of the Bitterroot not accounted 
for in original budget calculations.
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Figure 54; Steady State Model Input
variations with hydraulic conductivity ditch continuous
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Figure 55; Steady State Model Output
variations with hydraulic conductivity ditch continuous
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Figure 57: Output: Percent of Calculated Water Balance
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Figure 58; Steady State Calculated vs Observed Heads
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Figure 60: Simulated 
Potentiometric Surfaces 
5 ft contours, plus 3,000 ft 
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The layout o f the model, including simulated septic systems, is shown in Figure 
59. The simulated potentiometric surface (Figure 60) appears to be a good approximation 
of previous results (Figure 20). If the McClay ditch is “turned o f f ,  there is a subtle 
effect on flow directions in the southern MCA (lighter lines. Figure 60).
Contaminant Transport:
Nitrate-N : chloride ratios and mass balance calculations indicate that Nitrate-N 
from septic systems appears to behave conservatively. Thus, decrease in source 
concentrations is a function of mixing with uncontaminated water and the longitudinal 
dispersivity factor (d). Changes in groundwater flow directions may also serve to 
disperse contamintation. As shown above (Figure 60), water input from the leaky 
McClay ditch elevated the water table slightly, but appeared to effect water flow 
directions only near the ditch. In an effort to account for dispersion due to flow direction 
changes (Figure 21), the dispersivity was varied from 10 ft to 30 ft in an attempt to model 
the plume spreading that might result from changes in flow directions.
Results using d = 10 ft were quite scattered, but generally more accurate than 
results using higher values (of d), which caused excessive dilution and consistantly lower 
calculated values (Figures 61). Therefore, d = 10 ft was used in subsequent simulations 
and comparisons.
The final model used a hydraulic conductivity of 400 ft/d and d = 10 ft, and was 
run for 10 years, although nitrate-N plumes reached full extent after just 2 1/2 years. 
Modeled septic systems produced long narrow plumes and had the most impact on the 
upper aquifer (Figure 62). The pattern o f increasing concentrations to the north along
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Figure 61: Calculated vs Observed Concentrations
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Figure 62: Nitrate-N Plumes 









the Bitterroot River matches well with observed concentrations in shallow groundwater 
and springs (Figure 38).
Model-generated cross-section plume dimensions were compared with the cross- 
sections developed for nitrate-N mass balance calculations. The simulated cross-section 
through the eastern MCA (Figure 63) also shows two separate plumes in the upper 
aquifer not observed during data collection. The simulation does support the previous 
interpretation that concentrations decrease near Lolo Creek and increase toward the 
southern foothills. Calculations o f nitrate-N flux through the simulated cross section 
were 7.6 kg/d, nearly identical to the input (—7.5 kg/d) as expected with conservative 
transport.
Along the northern L&CA, simulated results also form two separate plumes, one 
near the Bitterroot River and one near the foothills (Figure 64). The simulated cross- 
section show a marked decrease in nitrate-N in the central portion compared to the field 
based cross section, where concentrations were extrapolated over large distances due to 
lack of resolution. The aerial view (Figure 62) shows that the plume to the east actually 
enters the Bitterroot River south o f B6, as in the field-generated interpretation.
The relative agreement o f nitrate-N concentration distribution and flux as 
calculated from observed data and with the model suggest that the assumption of 
conservative transport is reasonable.
Examination o f the Legend Lane Area reveals similar nitrate-N concentration 
patterns as observed (Figure 45) except near Lolo Creek (Figure 65). While the model 
depicts Lolo Creek as loosing, it’s influence on potentiometric surfaces is not strong
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Figure 63: Model Generated Nitrate-N Plume Cross Section
at Eastern MCA, 0-P 
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Figure 64: Simulated Nitrate-N Plumes 
at northern L&C Area boundary
compare to Figure 52





Figure 65: Simulated Legend Lane Area
Contours 
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is not strong enough to deflect (or dilute) the nitrate-N plume. Precise hydrologie 
calibration of this area was not attempted.
The behavior o f nitrate-N plumes near streams depends upon the nature of the 
groundwater-surface water interactions. Gaining reaches o f lower Lolo Creek remove 
impacted groundwater and draw impacted water toward the surface, and loosing reaches 
force impacted groundwater deeper into the system (Figure 66). Unfortunately, it was not 
possible to collect groundwater in this area to confirm or reject these simulated results. 
Regardless, the true distribution o f nitrate-N concentrations in groundwater near the 
confluence may vary widely spatially and seasonally, as it is unlikely that small scale 
flow directions and vertical gradients do not change seasonally. In any case, the 
Bitterroot River, which appeeirs to be continually gaining, thus serves as the ultimate 
receptor o f all impacted groundwater south of the northern boundary.
Simulation o f Potential Growth:
Zoning guidelines in the Lolo Comprehensive Regional Plan (2002) were used to 
place an additional 250 residential units in the Hwy 12 Area and 100 in the Mormon 
Creek Area. North of Lolo Creek, these additional nitrate-N sources resulted in the 
increase in concentrations in roughly the same flowpath effected by high-density mobile 
home parks near the Hwy 12-93 junction (Figure 67). This resulted in a substantial 
increase in nitrate-N concentrations in groundwater entering the Bitterroot River in the 
northeast and to the north, and caused nitrate-N concentrations to exceed 10 mg/l near the 
"new development" and in proximity to water supply wells (Figure 67). In the Mormon 
Creek Area, the additional septic systems elevated nitrate-N concentrations above 5 mg/l 
in two places, and exacerbated loading to the simulated streams.
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Figure 66; Influence of Lolo Creek on Simulated Plumes
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Figure 67: Hypothetical Future Nitrate-N Plumes 
a: Outlined Contours with Detail b: Color Contours




C on tou rs 
0.2 m g/l 
1.0  " "
2.0
6000 9000 12000 18316
\f - i m
u v m
206 3000 9000 12000 15000 18316
109
C hapter Five: Discussion
Data collected over recent years by the Missoula County Environmental Health 
Department and Public Water Supply owners revealed elevated concentrations of nitrate- 
N in portions o f the Lolo aquifer. High nitrate-N concentrations in the area are a concern 
due to potential negative human health effects when ingested and possible exacerbation 
of high nutrient loads in local streams. The primary purpose of this work was to examine 
the source, transport and fate o f nitrate-N in the groundwater in Lolo, Montana.
Sources
It seems clear that local septic system effluent is the primary source of nitrate-N 
in the groundwater. The observed nitrate-N and chloride concentrations are within the 
range expected o f diluted septic effluent, and mass balance calculations match reasonably 
well with estimated input from on-site systems (-6,100 kg/yr). Applications of lawn 
fertilizer nitrogen were not quantified, but reasonable estimates of application rates and 
leaching result in a much smaller loading (-220 kg/yr) than from known septic systems 
(Evans & Gough, 1993; Petrovic 1990; Quiroga-Garza et. al 2001, DeRoo, 1980).
Biosolid land spreading in the northwestern portion of the study area, while substantial in 
total N applied, is theoretically underapplied for the nitrogen requirements o f the crop 
(Crowley, 2002), and is not expected to significantly impact groundwater quality. If 
leaching rates are assumed to be similar to fertilizer leaching rates (10%), biosolid input 
would only be 20 kg N per year. While isolated animal waste collections are recognized 
as potential sources of nitrate-N (and chloride), the paucity of penned animals suggest 
that this is not a significant contribution on a study wide basis.
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Transport
If nitrate-N is assumed to behave conservatively in the groundwater (discussed 
below), transport is driven by advective dispersion only, and determination of aquifer 
properties controlling transport is critical.
Data from aquifer tests and analysis of well log data suggest that the unconfined 
sand and gravel aquifer does not appear to be homogeneous on a study wide basis, 
although the range o f estimates of hydraulic conductivity (K) were within an order of 
magnitude of each other (Tables 4 & 5). Analysis indicated an average K in the mid­
hundreds o f ft per day. The use of a uniform hydraulic conductivity o f 400 ft/d produced 
simulated head, water balance and concentration distribution results in general agreement 
with observed results (Figure 58).
Quantification o f the loss from Lolo Creek provided a flux term upon which 
numerical simulation o f the area was calibrated. Again, a value of K = 400 ft/d provided a 
reasonable fit with observed data. Combinations of high hydraulic conductivity and river 
cell conductance produced equipotential results similar to observed values, but modeled 
flux terms out o f Lolo Creek were much higher than observed. Though preferential flow 
paths caused by aquifer heterogeneities may accelerate transport o f impacted 
groundwater in some regions, overall the flow system appears to ge generally represented 
by a uniform K value.
Over the majority of the site, Lolo Creek is not acting as a sink of for nitrate-N 
rich groundwater. Potentiometeric mapping, streambed gradients and discharge 
measurements (Figure 22) suggest Lolo Creek is predominantly a loosing stream, except 
ne£ir the confluence with the Bitterroot River where springs are visible, and that the
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Bitterroot River is gaining. The work in the Legend Lane area shows a loosing Lolo 
Creek even in an area with visible groundwater discharge to the surface (Figure 45). 
Potentiometric mapping and chemistry data suggest that input to the groundwater from 
Lolo Creek is the primary cause of decreasing nitrate-N concentrations in the 
southeastern section. At other times of the year emerging groundwater did not appear to 
enter Lolo Creek here, but to travel southward to an uncertain fate (no access to the 
southern cattle pasturelands).
While several homeowners and others have observed increased algae in upper 
Lolo Creek in recent years, it does not appear that nutrient input from local septic systems 
is the cause, as physical evidence presented (Figure 22) suggest that Lolo Creek is 
loosing in this area. Additionally, summer time algae levels appeared to be just as high at 
SG#1 as throughout most o f the study area, suggesting nutrient input (if this is the cause) 
from further upstream. At the same time, numerous and unusually vibrant algal blooms 
were observed in upwelling zones near the confluence o f Lolo Creek and the Bitterroot 
(Figure 22). However, chemical evidence in the area is limited, and does not 
conclusively implicate migrated septic effluent as the cause of such algal growth.
Seasonal and spatial fluctuations in the Mormon Creek Area nitrate-N 
concentrations were observed (Figure 44). The higher concentrations found in the 
shallow aquifer with shallow wells illustrate the importance of sampling at different 
depths. The apparent seasonal shifts in nitrate-N concentrations may be explained by 
seasonally shifting groundwater flow directions (Figure 21), emphasizing the importance 
o f also sampling at different times o f the year. Small changes in flow directions may 
produce large fluctuations in nitrate-N concentrations at a single point if septic-derived
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nitrate-N plumes are long and narrow, as has been oberved in similar settings (Woessner 
et al. 1996).
Fate
Nitrate-N is often assumed to behave conservatively in groundwater (Canter & 
Knox, 1984). Nitrate-N:chloride ratios were evaluated and mass balance calculations 
made to discern if this was an appropriate assumption.
Data from nitrate-N:chloride analysis indicated that denitrification is likely a 
minor process in areas where water quality work was performed. In Figure 47, the data 
do not fall on a clear single dilution line as it would if  there were only one source and/or 
no nitrate-N loss. Chloride from local winter road salting may effectively create a 
different source water chemistry, causing a scattering of the data in the nitrate-N : chloride 
plot. Supporting this interpretation is the fact that most data to the right of the general 
trend in Figure 47 are downgradient from either Hwy 93 or the ''downtown" area o f Lolo.
Other chemical and physical data suggest that reducing conditions are present in 
wetlands near Lolo Creek and the Bitterroot River, conditions which would favor 
denitrification. Isolated wetlands and riparian areas near Lolo Creek (northern Legend 
Lane area), near the confluence of the two streams and in standing water in the north 
(Doyle Slough) most likely facilitate nitrate-N removal (Rosenblatt et al, 2001; Brusch 
and Nilsson, 1993; Hill, 1996; Hanson et al. 1994; Cooper, 1990; Warwick & Hill, 1988). 
Unfortunately, access and research were limited in key portions of the study area, 
specifically the lower mile o f Lolo Creek and the confluence.
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In any case, the spatial orientation o f the confluence area wetlands (some are not 
downgradient o f nitrate-N sources) and the likelihood that only shallow groundwater 
would enter such wetlands suggests that nitrate-N removal may not be a significant 
process effecting the overall nitrate-N flux.
Nitrate-N mass balance calculations indicate that nitrate-N concentrations in 
groundwater and flux through the system are in reasonable agreement with input from 
septic systems using conservative transport (Table 8). Furthermore, modeling efforts 
using only septic sources and conservative transport produced nitrate-N concentrations 
and distributions in general agreement with observations (Figure 62).
Thus, it appears that nitrate-N is predominatly conservative in the Lolo Area, with 
exceptions in the shallow groundwater in riparian or wetland eireas, and that the ultimate 
fate on nitrate-N in the Lolo area would be to enter the Bitterroot River (including any 
input into lower Lolo Creek) or exit the study area via the groundwater to the north.
Mass balance calculations suggest that the conservative transport of the nitrate-N 
load from septic systems in the study area (~17 kg/d) could increase nitrate-N 
concentrations in the Bitterroot River during low summer flows (-600 cfs) by 0.007 to
0.013 mg/l. While these amounts are an order of magnitude lower them nutrient goals for 
the lower Clark Fork (0.3 mg/l nitrate-N), the non-degradation limit is defined as an 
increase of 0.01 mg/l. Additionally, the cumulative impact o f several rural towns in the 
Bitterroot Valley may be significant, and the Montana DEQ is currently assessing the 
TMDL for nitrogen for the Bitterroot River. The local wastewater treatment plant 




The flow and contaminant transport model was effective at solidifying the 
conceptual model o f the study area, was well calibrated to steady state potentiometric 
conditions and produced contaminant plumes similar to those observed (recognizing that 
some individual points may not have matched well. However, the model would require 
additional calibration and sensitivity analysis prior to use as a predictive tool. Factors 
such as river stage and aquifer heterogeneity were not incorporated, and may be 
important for accuate predictions.
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C hapter Six: C onclusions and R ecom m endations
D ata collected over recent years by the M issoula C ounty E nvironm ental H ealth 
D epartm ent and Public W ater Supply ow ners revealed elevated concentrations o f  n itrate- 
N  in portions o f  the Lolo aquifer. H igh nitrate-N  concentrations in the area are a concern 
due to potential negative hum an health  effects w hen ingested and possible exacerbation 
o f  high nutrien t loads in local stream s.
The prim ary purpose o f  this w ork w as to exam ine the source, transport and fate o f  
n itrate-N  in the groundw ater in Lolo, Montema. In o rder to  achieve these objectives:
—the potential sources o f  n itrate-N  w ere identified,
—the extent o f  nitrate-N  in  the aquifer w as determ ined,
—the hydrogeology w as studied, including in teractions w ith  local stream s,
—the fate o f  n itrate-N  in the groundw ater w as exam ined,
—a num erical m odel o f  the  study area w as developed and calibrated, and
—the m odel w as used to evaluate the im pact o f  future developm ent on nitrate-N
concentrations.
Specific conclusions o f  th is w ork  include:
1. Septic system s are the dom inant source o f  n itrate-N  in the groundw ater in Lolo. 
Law n fertilizers, penned an im als and the land application o f  sew age sludge are potential 
isolated and m ost likely relatively  m inor sources.
2. The aquifers is p rim arily  unconfined, consisting o f  sand, gravel and isolated clay. 
C lay conten t generally  increases tow ard the foothills. The average hydraulic 
conductiv ity  is 400 ft/d (150-1,500 ft/d range), average gradient 0.005 (range 0.001- 
0.008) and groundw ater velocity  10 ft/d. G roundw ater enters the w est end o f the study
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area and exits to the northwest and west. Total groundwater flux through the study area 
is approximately 20-30 cfs, with Lolo Creek the dominant source auid the Bitterroot River 
the dominant output. Lolo Creek is a predominantly loosing stream in the study area, and 
contributes 10-25 cfs to the groundwater. Seeps and springs were observed near the 
confluence o f the gaining Bitterroot River.
3. Historical data ( 1995-2001 ) and data collected for this study (2/01 -1 /02) indicate
that nitrate-N accumulates primarily in the shallow portion (<20 ft below the water table) 
of local aquifers. There has been one observed and isolated violation of the drinking 
water standard (13.1 mg/1, in 1999) and one exceedence of Montana’s non-degradation 
standard (6.1 mg/1, in 1996). Concentrations do not appear to be increasing from year to 
year, but do fluctuate seasonally in portions of the study area, particularly the Mormon 
Creek Area, where concentrations during the summer increased in some wells and 
decreased in others. Possible explanations for these changes include groundwater flow 
direction changes or accelerated flushing of septic effluent through the vadose zone from 
excessive irrigation or natural precipitation recharge.
3. Nitrate-N concentrations are highest dovmgradient of unsewered subdivisions, 
mobile home parks and commercial areas. The highest nitrate-N concentration observed 
in this study was 4.6 mg/1 in the shallow groundwater in the Mormon Creek Area. 
Concentrations above 2.5 mg/1 were common in the same area.
4. Nitrate-N contaminated groundwater was observed to discharge directly to the 
Bitterroot River, and may discharge to lower Lolo Creek. Mass balance calculations 
suggest that the nitrate-N load from septic systems in the study area could increase
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nitrate-N concentrations in the Bitterroot River during low summer flows by 0.007 to
0.013 mg/I, potentially exceeding the 0.010 mg/1 trigger for a non-degradation review.
5. Numerical simulations of the groundwater system served to confirm conceptual 
models and aquifer parameter estimates. Steady state calibration was achieved through 
use of two parameters: water loss from Lolo Creek and the potentiometric surface. 
Simulated nitrate-N distribution matched well with observed average values. The model 
generated nitrate-N concentrations in shallow groundwater downgradient from densely 
populated unsewered area in excess of 5 mg/1. Additional septic sources were input into 
the model based upon projected growth and zoning guidelines. Results showed a 
potential increase in the exent of significantly impacted groundwater (>5 mg/1), and 
generated concentrations greater than 10 mg/1 in some areas. Additional sensitivity 
analysis needs to be performed on the model prior to use as a management tool.
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Recommendations :
The data collected and conclusions reached in this report may be of use to 
planners in the Lolo Area, as well as to those concerned with nutrient loading to local 
streams. Specific recommendations follow:
1. Additional unsewered development in Lolo should be reviewed in the context of 
current groundwater nitrate-N concentrations and the potential for nitrate-N loading of 
local streams via the groundwater. This potential loading to surface waters from septic 
systems should be compared with the loading that would occur with centralized 
wastewater treatment. Additionally, septic systems and wastewater treatment plants 
contaminate groundwater and surface water with other pollutants besides nutrients, and 
this should be taken into consideration.
2. The numerical model constructed for this report it is not fully calibrated to 
seasonal fluctuations and complete sensitivity analysis has not been performed. 
Completion of these tasks may enable the model to serve as a valuable predictive tool for 
management purposes.
3. Ongoing surface water sampling programs should be maintained and expanded to 
frame lower Lolo Creek prior to the confluence with the Bitterroot River. Analysis for 
chloride would also enable researchers to develop analysis of denitrification in surface 
waters if septic systems are suspected in the dedegradation of local streams. An 
extensive survey o f instream algae levels during summer months should include areas 
upstream of Lolo, in order to determine potential sources o f nutrients that may be 
accelerating such growth.
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Additionally, Bitterroot River sampling in the area should be expanded to include 
a site above the Lolo area and just before RSID#901 discharge, as nitrate-N 
concentrations taken below and attributed to the treatment plant may include inputs from 
local septic systems.
4. Nitrate-N mass balances performed in this study did not take into account possible 
denitrification in riparian areas and areas of standing water. This was partly due to the 
scope of the study as well as to land access problems. A hydrogeologic study with the 
aim of determining and quantifying the role of wetlands in nitrate-N fate in rural western 
Montana area might prove valuable to decision meikers. The present literature suggests 
such areas are important in mitigating the effect o f anthropogenic nutrient loading, and 
should be preserved and maintained.
5. Finally, while not related to the purpose of this study, the finding of significant 
amounts of arsenic in groundwater in the Mormon Creek Area foothills warrants further 
investigation. Wells in the area should be monitored monthly for at least one year, to 
discern possible seasonal influences o f the irrigation ditch and to determine if the arsenic 
source is more widespread or significant than detected. Detailed water table mapping 
would also help locate possible sources. If the Wallace formation is determined to be the 
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Appendix A: Aquifer Properties Determinations
This Appendix is separated into three sections. The first describes the aquifer test 
setup and results, the second provides data from specific capacity calculations, and the 
third summarizes numerical simulations of the aquifer test and effects of different aquifer 
depth assumptions on specific capacity analysis.
Aquifer Test
An aquifer test was performed on Aug. 22, 2001 in the northwestern section of the 
Mormon Creek Area. The well site consisted of two pumping wells, one monitoring 
well, four pressure tanks and an in-line flow meter (Figure A l). Roughly 20 residences 
and several irrigated acres are served by the wells. Access to irrigation lines was granted, 
but not control over individual residence water use. Two irrigation systems were 
manipulated so that a constant flow equal to the pumping well was maintained, also 
allowing for some fluctuation in residential use. The constant water use by residences 
would initiate pumping about every 7 or 8 minutes.
W ell’s #1 and #3 were equipped with pressure transducers (Solinst), and well #2 
with a Stevens Type A recorder for continuous water level measurements. Initial water 
levels were made with a hand held electronic water level meter.
T est# l:
An initial test using the 42 gpm (gallon per minute) pump (well #3), was aborted 
after 20 minutes as the discharge rate was not able to keep up with water demand (Figure 
A2). These data were not used in aquifer property determination.
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Figure A2: Test #1: Well #3 Pumping (42gpm)
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Figure A3: Test #2 , Well #1 Pumping (59 gpm) 
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A second test was run for 200 minutes using the the 59 gpm pump (well #1). 
Unfortunately, after 10 minutes, the water level in well #3 had not yet equilibrated to pre­
pumping levels, thus compromising the early data (Figure A3). Drawdown in 
subsequent analysis is reported from the initial water levels measured prior to the first 
test.
It is interesting to note that the drawdown in Well #3 (Test #1) is much greater 
than in Well #1 (Test #2), despite the higher pumping rate in Well #1. According to well 
logs, Well #3 is 2 feet deeper and and has a slightly different screeen (slots inch 
shorter; 1/8” x 1.5” vs l/8”x 2”). Possible explanations for the discrepancy include the 
differences in screen sizes, possible pump design differences, poor development and/or 
clogged screens, or unreported changes in geology. This anomoly serves to illustrate the 
difficulty o f determining aquifer properties based on drawdown in pumping wells.
A variation of Cooper and Jacob’s modification o f the Theis equation for non­
equilibrium conditions relates transmissivity to pumping rates and drawdown:
T = 264 Q/As, Equation A l
where T = Transmissivity (gpd/ft),
Q = pumping rate = 59 gpm
As = drawdown (ft) over one log cycle of time
from (Driscoll, p 221).
By plotting s vs log (time), calculation o f As is possible (Figure A4), where a 
straight line has been dravm to approximate the slope of the latter data. The resulting As 
is about 0.09, and produces an estimate of T at 23,000 ft^/d. The thickness of the aquifer 
was estimated at 70 ft, roughly 1.25 times the saturated thickness from bottom of the 
screened interval, to produce a hydraulic conductivity (K) estimate of 300 ft/d.
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Closer examination of drawdown after 60 minutes suggests equilibrium may have 
been reached in the deeper aquifer (Figure A5, for increased resolution, one foot has been 
subtracted from drawdown at the pumping well #1). The drawdown at both wells #1 and 
#3 appear to stabilize or even decrease after about 90 minutes, with some significant 
scatter at well #1. Drawdown at well #2 appears to be increasing very slowly.
Thus, a state very near equilibrium may be assumed. A modification of the 
Theim equilibrium equation relates hydraulic conductivity to the pumping rate, distances 
between two wells, and differences in drawdown at two wells:
K= 1055 * O * log rVr, *0.134 Equation A2
where K = hydraulic conductivity (ft/d)
Q = pumping rate (gpm) 
ri = distance to nearest observation well (ft) 
i2 = distance to furthest observation well (ft) 
h = saturated thickness at ri (ft) 
h2 = saturated thickness at ri (ft)
0.134 = conversion factor for K from gpd/ft^ to ft/d 
from Driscoll, p215, where h = aquifer thickness b (ft) — drawdown s (ft).
The drawdown at well #2 was substantially less than at Well #3, despite well #3 
being twice as far away as well #2 (Figure A5). This may be a factor o f the shallow 
depth of well #2, and aquifer anisotropy. Therefore, in applying Equation A2, 
comparisons between WelTs 2 and 3 were not made, and the pumping well was used as 
an observation well with the distance r% equal to the radius of the casing (0.25 ft).
Furthermore, since well #1 does not fully penetrate the aquifer, resulting non- 
laminar flow toward the well may potential exaggerate drawdown in the casing. The
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relationship between the drawdown in a fully penetrating well and partially penetrating 
well is expressed in the Kozney Equation:
Q/Sp = L (1+ 7 (r * cos (tt * L 4-2)̂ ^̂  Equation A3
Q/s (2 * b * L)‘̂ ^
Where Q = pumping rate (gpm)
Sg = drawdown in a partially penetrating well (ft) 
s = drawdown in a fully penetrating well (ft)
L = well screen length as a fraction of aquifer thickness = 10/70 = 0.143 
r = well radius (ft) = 0.25 ft 
b = aquifer thickness (ft) = 70 ft
from Driscoll, p250.
Application o f Equation 3 resulted in a Q/Sp: Q/s ratio of about 4, producing a 
“corrected” drawdown in well #1 equal to roughly Ya the original value.
Finally, Equation A2 was used to calculate a series o f hydraulic conductivity 
values based on different times and drawdowns after 90 minutes between well #1 and 
wells #2 and #3 (Table A l). Hydraulic conductivities calculated from Well #1 to Well #3 
were twice as great as to Well #2 and as computed using the non-equilibrium equation 
(A l) above.
Test #2 Recovery:
Recovery data at well #3 was used to estimate T and thus K. The technique 
involves extrapolating the time-drawdown curve to extend beyond the time when 
pumping stopped, in order to calculate a resisdual drawdown (Figure A6). The 
drawdown curve for well #3 (Figure A5) is not so clear, so an approximation as a 
horizontal line with s = 0.29 was used. This recovery data clearly shows a periodic 
fluctuation in water levels on the order o f 0.03 feet over about one minute, which may
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m ay account for som e o f  the scatter in the previous p lo ts and  m akes the determ ination o f 
As difficult. T herefore, a logarithm ic equation that approxim ates the real data 
(y = -0 .0393L n(t’) +  0 .0769) w as also used in the analysis.
T he C ooper and Jacob  equation (Equation A l)  w as used by  p lo tting  the calculated 
recovery (s -s ’) against log  (tim e) since pum ping stopped ( t’) to derive As (Figure A ?) 
(D riscoll, p  255). T his w as done w ith  real data  as w ell as w ith  the logarithm ic 
approxim ation  above. T he line through the real data attem pts to b iscect the fluctuations 
in the latter po rtion  o f  the  curve, and produces a A (s-s’) o f  0.07 ft over one log cycle.
The logarithm ic approx im ation  naturally  form s a straight line on a sem i-log  plot, w ith  a 
A (s-s’) o f  abou t 0.95. U sing  T  = 264 Q/As as above, transm issiv ities o f  30,000 ft^/d (real 
data) and 22 ,000  ft^/d (approxim ation) are calculated, resu lting  in  K  values o f  400 ft/d  
and 300 ft/d , respectively .
A no ther m ethod  using  the sam e data  uses the rela tionsh ip  betw een the residual 
draw dow n, s ’, and  the logarithm  o f  the ratio t / t ’, w here t  is the  tim e o f  pum ping  and t ’ 
tim e since p u m p in g  ended:
s ’ =  264 O  log t / t ’ E quation  A 4
T
from  D risco ll p. 256.
B y p lo tting  s ’ vs t / t ’. As can be com puted  over one log cycle (F igure A 8). A lso 
show n is the  p rev ious app rox im ation  o f  s ’. The As’ values range from  about 0.08 to  0.09, 
and using  E quation  A l ,  transm issiv ities o f  23,000 to 26,000 ft^/d and K ’s o f  300-400 ft/d 
are calcu lated .
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Determination of Storage Coefficient:
The same data in Figure A4 (Well #3) was used to estimate the storage coefficient 
(S) o f the aquifer. A derivation of Equation A5 (Driscoll, p221 ) relates S to T, well 
distances and the zero drawdown intercept from the trend of time-drawdown data:
S = 0.3 * T * t . Equation A5
0.1337
Where to = the zero drawdown intercept (d)
r = the distance from the pumping well = 54 ft 
T = Transmissivity (ff^/d)
0.1337 = conversion factor for T from gpd/ft to ftVd 
from Driscoll, p.221 & 258.
Referring to Figure A4, to is about 1.5 or 2 minutes. Previous T estimates vary 
from about 22,000 to 30,000 ft^/d, resulting in £in estimated range o f S from 0,018 to 
0.032. These are low compared to published values for sand and gravel aquifers, and 
therefore a storage coefficient 0.2 was used in analyses (Fetter, 1994; Driscoll, 1986). 
Specific Capacity Analysis
Numerically, specific capacity is pumping rate of a well (Q) divided by the 
drawdown (s) in the same well: Q/s. Practically, it is “an expression of the productivity 
o f a well,” (Fetter, 1998), and is dependant upon the duration of pumping and the 
efficiency of the well. Jacob and Cooper (1946) modified the Theis equation to develop a 
modified non-equilibrium equation for unconfined aquifers:
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s = 264 O log 0.3 Tt
Equation A6 (Driscoll, 1986, p219) 
where
s = drawdown (ft) from well log 
Q = discharge (gpm) from well log 
t = time (days) from well log
r = distance (ft) from pumped well to point where drawdown is measured, radius of well 
casing is used,
S = storage coefficient, estimated between 0.02 and 0.3 (Fetter, 1994)
T = transmissivity (gpd/ft),
Equation A6 is rearranged to solve for Q/s, and values of T are estimated until the
computed Q/s equals the measured Q/s. T can then be divided by aquifer thickness to
calculate K, hydraulic conductivity.
Problems inherent with this method deserve discussion. First, drawdown in a well
casing is frequently much greater than in the immediate aquifer, due to less than 100%
efficient design, turbulence, or performance (e.g. clogged screens) (Driscoll, 1986).
Thus, this method most likely underestimates transmissivity.
Second, drillers in the area frequently use air pumping to develop wells, where
pressurized air is forced through a drill pipe suspended below the water level in the well.
Reported pumping rates and water levels during pumping are thus suspect, and data from
all tests using air pumping were excluded in analysis.
Third, the estimation of T is ultimately based on an estimation o f S, a situation
Fetter (1994) refers to as “somewhat dubious.” However, the variability may not be so
severe. The estimated range o f S for unconfined aquifers in Driscoll (1986) is 0.01 to
0.3, and in Fetter (1994), 0.02 to 0.3. High and low estimates o f T from a typical local
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well yielded a variation o f +/-12% from the mean (using DriscoH’s range for S). Using S 
= 0.2 produces T values closer to the lower end of the range.
A fourth problem arises from the fact that wells in the area do not fully penetrate 
the aquifer, which results in non-linear flow, increased drawdown and thus lower 
calculated specific capacity. The Kozeny equation, as reported in Driscoll (p. 250) was 
developed to address this problem, and to compute more accurate specific capacity 
values:
ra t io : O /s^  =  L  (1 +  7 ( r /2 b L ) ’ ^̂  * c o s ( t iL /2 ) )  E q u a tio n  A l
Q/s
where Q/sp = specific capacity o f a partially penetrating well (gpm/ft)
Q/s = max. possible specific capacity of a fully penetrating well 
r = well thickness (ft) 
b = aquifer thickness
L = well screen length as a fraction of aquifer thickness
The measured Q/s is then multiplied by the ratio developed in equation 2 to yield 
the theoretical specific capacity, and thus drawdown, of a fully penetrating well. This 
drawdown is then used in Equation A6.
Most wells in the area feature an open-ended casing or short (<15 ft) screened 
intervals, and when peirtial penetration was considered (Kozeny equation), T estimates 
increased by an order of magnitude. This method is specified for “reasonably 
homogenous aquifers”, and the Lolo aquifer appears somewhat stratified in certain areas. 
In these cases, the interpreted thickness of the dominant water bearing layer(s) was used 
as the saturated thickness.
Data from 15 well logs and the above aquifer test were analyzed as described in 
the text (Table A l). The magnitude of increase in K due to the Kozney corrections was 
dependant upon the length of the screeened interval and aquifer thickness. Thus, the
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Table A1: Data Used in Specific Capacity Analysis
GWIC Id Location (TRS) Type Driller Use Date Screened Interval Description 10000
67530 12N 20W35D OTHER JEROME DOMESTIC 05/10/94 OPEN BOTTOM
67512 12N 20W35C OTHER JEROME DOMESTIC 06/16/86 OPEN BOTTOM
65975 11N20W02B OTHER JEROME UNKNOWN 03/21/81 OPEN BOTTOM
1000
65976 11N20W02B OTHER JEROME UNKNOWN 04/17/81 OPEN BOTTOM
67442 12N 20W34CBB OTHER JEROME DOMESTIC 03/20/84 OPEN BOTTOM
67454 12N 20W34DBAB OTHER JEROME UNKNOWN 06/12/82 OPEN BOTTOM
65978 11N20W02 BCBAC OTHER JEROME PWS 02/27/84 OPEN BOTTOM e  100
67458 12N 20W34DDCB PUMP PICKENS PWS 10/24/70 OPEN BOTTOM
134194 12N 20W33C BAILER CKC DOMESTIC 07/04/86 OPEN BOTTOM
166000 12N20W34 DC PUMP CAMP PWS 02/26/98 1/8X2 SLOTS
10
169334 12N20W 33AAC BAILER ESLINGER DOMESTIC 09/30/98 5X5/32
67505 12N20W35 BDCC PUMP CAMP PWS 11/13/86 1/8X1 PULLDOWNS
169685 12N20W 35 BAG BAILER ESLINGER DOMESTIC 10/25/94 5X5/32 TORCH
186237 11N20W 03ABBB PUMP CAMP PWS 03/18/82 #50 SLOT SCREEN 1
149678 12N 20W 35 BC PUMP CAMP PWS 05/27/95 3X1/2 KNIFE
65984 11N20W03 ABBB PUMP CAMP PWS 07/21/82 1/8X6 SLOTS
Figure A9: Increase in K Estimates from Kozney Corrections
□ Before Kozney Correction 
After Kozney Correction
0.05 0.05 0.06 0.06 0.07 0.07 0.06 0.09 0.33 0,36 0.37 0.37 0.44 0.45 0.67 
Q/sp I Q/s
GWIC Id h SwI Pwl Yield (Q) Q Time
__________ (ft) ■ W («) (gpm) (fl'3/d) (hr) (day)
67530 70 5 15 40 7700 1.5
67512 60 6 12 150 28875 3
65975 60 12 26 35 6738 1
65976 60 20 32 35 6738 1
67442 50 10 26 40 7700 1
67454 50 18 37 60 11550 1
65978 74 16 1 31 98 18865 6
67458 66 12 14 45 8663 3 5
134194 36 12 15 30 5775 2
166000 70 17.2 16.9 59 11358 3.3
169334 53 24 26 40 7700 1
67505 97 14 21 160 30800 3.5
169685 41 13 16 60 11550 1
186237 78 25 32 180 34650 2
149678 115 17 38 1600 308000 24











From To Diameter Radius s Q/S b S T T K Q/S L (Q/SP)
(Q/s)
Adjusted T T K match
(ft) (ft) (incties) (ft) (ft) (gpm/ft) (ft) (gpdfl) (ft*2/d) (ft/d) Q/S (qpdft) (fl"2/d) (ft/d) Q/S
70 70 6 0.25 10 4 65 0.2 3992 534 8 4 0.01 0.03 116 165188 22086 340 116
60 60 8 0.33 6 25 54 0.2 31179 4169 77 25 0,01 0.05 536 871069 116462 2157 535
58 58 6 0,25 14 3 48 0.2 2200 294 6 2 0.01 0.05 53 67577 9035 188 53
60 60 6 0.25 12 3 40 02 2650 354 9 3 0.01 0.06 52 66177 8848 221 52
SO SO 6 0.25 16 3 40 0.2 2209 295 7 3 0.01 0,06 44 55069 7363 184 44
50 50 6 0.25 19 3 32 0.2 2890 386 12 3 002 0.07 45 56450 7547 236 45
74 74 6 025 14.9 7 30 0.2 8813 1178 39 7 002 0.07 88 135762 18151 605 87
66 66 5 0.21 2 23 26 02 30857 4126 159 23 0.02 0.08 279 469487 62770 2414 279
36 36 6 0.25 3 10 24 0.2 11516 1540 64 10 0.02 0.09 107 155130 20741 864 107
60 70 6 0.25 1.7 35 52.8 02 48050 6424 122 35 019 0.33 104 157646 21077 399 104
45 50 6 0.25 2 20 29 02 23050 3082 106 20 017 0.36 56 71793 9599 331 56
77 97 6 0.25 7 23 83 0.2 30351 4058 49 23 0.24 0.37 62 89994 12032 145 62
33 38 6 0.25 3 20 28 0.2 23050 3082 110 20 0.18 0.37 54 68981 9223 329 54
68 78 6 0.25 7 25 40 0.2 32692 4371 109 26 025 0.44 59 81157 10851 271 59
80 100 16 0.67 21 76 83 0.2 112218 15004 181 76 0.24 0.45 169 265575 35507 428 169
60 140 4 0 17 1.2 131 140 0.2 212954 28472 203 131 0.57 0,67 194 324753 43420 310 194
tT= saluTâiëd IhicKness to boltom of well, SwI & Pwl  ̂sialic & pumping water level. s = drawdown. b = saturated thickness of aquifer, S = storage coefficient,
L = raiio oTscreened inlerval to b (open ended wells = 0.5 ft/ bl. Q/s = specific capacity, T = transmissivity, K = hydraulic condi/elivily
most dramatic increase was with wells with no screened interval (Figure A9).
The screened interval o f these wells was adjusted to 0.5 ft.
Numerical Simulations
Numerical simulations were used to evaluate the specific capacity method of 
determining hydraulic conductivity and aquifer test results. Both simulations used the 
layout o f the aquifer test (Figure A 10). In all cases, references are to K in the horizontal 
direction, with vertical K = 0.1 *K horizontal.
Drawdown data in the pumping well (Q=59 ft^/d) from multiple simulations using 
different aquifer thicknesses were input into specific capacity equations to determine K 
(Figure A l l ) .  Calculated values were 12-29% higher than the model K of 400 ft/d (series 
“Using b” in Figure A l l ) ,  suggesting that this method may slightly overestimate K.
Different estimates of aquifer thickness were used to determine the effect of such 
on specific capacity calculations. This analysis revealed that when the drawdown is 
relatively small compared to well depth, as in the aquifer test, there is little difference 
when using different aquifer thicknesses (Figure Al l ) .
Numerical simulations o f the aquifer test (with K = 400 ft/d, b = 75 ft) generally 
produced less drawdown than observed, and better matches were obtained using lower 
hydraulic conductivity values (Figure A12). Tests using different aquifer thicknesses 
produced similar results, with smaller b producing better results for the higher K ’s. 
However, error may have been introduced into this analysis as water levels had not fully 
recovered when pumping began, and drawdown was computed from initial readings 
(Figure A3). If  this is taken into account by subtracting roughly 0.15 feet from observed
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Figure A10: Simulated Aquifer Test Dimensions
Pum ping Well (#1)
166000
oin
h = 56 ft
66C [HTPôr ï t # l
Aquifer th ickness varied 
by altering ex ten t 
of Inactive cells
Model d im ensions In fee t
422 450 480 510 540 570 600 630 649
Figure A11 :Varlations in Hydraulic Conductivity with Aquifer Thickness
Using Specific Capacity Data, Model K = 400 ft/d, S = 0.2, Well Layout as in Aquifer Test 
h = saturated depth to bottom of casing (55 ft) b = true aquifer saturated thickness
540
I  Using b I  Estimating b as h




125 115 105 95 85 75
Model Aquifer Tliicknessb (ft)
65 55
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Figure A12: Comparisons of Aquifer Test and Simulated Drawdown
191654#>oint#1 
Obs. s= 184.86 Calc. = 184,90
191654/Point #1 
Obs. = 184.86 Calc = 184.93
166001/Point #1 
Obs. = 184.70 Calc. -184 .78
166001/Point «1 
Obs. = 184.70 Calc. = 184 68




K = 200 ft/d Num Poinits : 2 
Mean Error : 0.01272461 (ft)
K = 300 m Num.Points: 2 
ttflean Error : 0.07481262 (ft) 
Mean Absolute : 0.07481282 (ft)
Standard Error of the  Estimate ; 0.02774231 (ft) 
Root mean squared : 0.03052133 (ft) 
___________  Normalized RMS : 1907583 ( % )
Standard Error of the Estimate : 0 .009702759 (ft) 
Root mean squared : 0.07543919 (ft) 
Normalized RMS : 471495 ( % )




Obs. = 184 86 Calc = 184.94
166001 jPoint #1 
Obs. = 184.70 Calc. = 184.83
191654/Point #1 
Obs. = 184.86 Calc. = 184.81
166001/Point #1 
Obs. = 184.70 Calc. = 184.71
Obs Heads (ft) Obs. Heads (ft)
K = 400 ft/d Num.Points : 2 
Mean Error : 0.1064365 (ft) 
Mean Absolute : 0,1064365 (ft) 
Standard Error of the Estimate : 0.02823456 (ft) 
Root mean squared : 0.1101177 (ft) 
Normalized RMS : 68.82357( % )
K = 400 ft/d Num.Points : 2 
Mean Error: -0.02086761 (ft) 
Mean Absolute ; 0.03386505 (ft) 
Standard Error of the Estimate : 0.03386505 (ft) 
Root mean squared : 0.03977812 (ft) 
NormaOzed RMS ; 24 .86133 ( % )
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drawdown, the simulated results with K = 400 ft/d (b = 75 ft) match quite well 
(Figure A 12).
Thus, the accuracy in analyzing aquifer test results with numerical simulations is 
hampered by the nuances of the aquifer test data, namely, the failure of heads to come to 
equilibrium prior to data collection. Nontheless, the results do provide support for the 
conclusion that the hydraulic conductivity of the aquifer appears to be in the low to mid 
hundreds o f feet per day.
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Appendix B: Monitoring well construction and installation:
Five monitoring wells were installed (Table B l, Figure 16 in text). All 
monitoring wells were constructed from 0.5 inch inner diameter CP VC pipe. The pipe 
was purchased in 10 ft sections, and a CP VC coupling and PVC cement used to connect 
sections for wells deeper than 9 ft. The bottom of each well was left open ended, and the 
last 1 V2 inch perforated with 12-3/16 inch diameter drilled holes. A section of nylon 
paint straining mesh was folded over itself, and fit over and around the perforated interval 
and secured with plastic cable ties. This was to prevent clogging o f the screened interval 
and prevent pumping of excessive fine grained material.
Wells #2-4 were designed with an extra sampling port consisting of 0.25 inch 
outer diameter polyethylene tubing attached to the outside of the main well with plastic 
cable ties. The tubing was left open ended, and the final inch was perforated with four 
1/16 inch holes, and covered with overlapped paint straining mesh as above.
Table B1: Well Details MW#1 M W #2 M W #3 M W #4 MW #5
Date Installed 7/12/01 7/12/01 7/5/01 7/5/01 7/5/01
#  Ports 2 1 2 2 1
Depth of Sampling Ports (ft) 18,23 23 15.5,23 8,15 9
Borehole collapse (ft bgs) 12 2.5 10 4 3
Sand (ft bgs) 2-12 1-2.5 10 to 1 4 to 1 1 to 3
Bentonite (ft bgs) 2-top 1-top 1-top 1-tOp 1-top
W ater Level (ft bgs) 15.42 13.34 10.22 5.4 3.18
Wells were installed with a direct push drill (GEOPROBE). Multi-levels wells 
were constructed so that the upper port could be used during high water, and lower port 
during low water. The water level was noted when drilling, and well dimensions adjusted
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according to estimates o f local water table fluctuations. Wells with only one sampling 
port were installed deep enough to reasonable ensure continuous saturation at the port.
During withdrawl o f the casing, wells were held in place by pushing down on the 
top with a piece o f CP VC pipe. The borehole was allowed to collapse, and then packed 
with Colorado silica sand to within one or two feet o f the surface. The remainder was 
filled with bentonite as a sealant.
Each sampling port was developed immediately after installation using a 
peristaltic pump. In most cases, simply extraction eventually produced moderately clear 
water with a steady flow. In some cases, lack of production was mitigated by repeated 
injection o f milli-Q water and subsequent removal, until sustainable pumping was 
achieved. Two inch diameter PVC pipe (-1.5 ft length) and cap were pushed into the soil 
around the well heads as protective covers.
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Appendix C; Water Level Measurements
Water level measurements were taken with a electronic water level meter (Slope 
Indicator) and read to 0.01 ft at the top of the well casing (Table Cl).  The point of 
measurement on the well casing was marked for future reference. For accuracy, three 
measurements were made. If the pump turned on, water levels were monitored at the 
cessation o f pumping until a static level was reached. If  necessary, homeowners were 
asked to cease intensive water use if possible.
Well casings were surveyed to the point of measurement from established USGS 
benchmarks. The raw water level readings were then subtracted from the casing 
elevation to produce water levels as elevation (Table C2).
An average survey error o f +/-0.03 ft (n=31, median +/-0.02 ft) was determined 
from differences in elevation as determined from two or more previously surveyed points 
when establishing elevation at a new point. In some cases it was impractical to complete 
survey loops back to USGS markers, in which case error is accumulative with each 
station movement, and thus the maximum error for any well (or staff gauge) is +/- 0.15 ft 
(5 stations removed from survey marker).
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Table Cl : Water Levels (2001 ) as depth (ft) from top of casing
G W I C I O G E O C O D E 3 / 2 3 / 4 6/10 1 0 / 1 5 11/9
1 5  7 4 1 5 . 2 0 1 4 . 7 2 1 6 2 5 1 5 7 6
1 9 7 5 0 2 1 0 1 0 2 0 0 0 0  5 8 0 4  L e g e n d  L a n e 1 2 . 9 11 3 . 5 6
5 6 0 2  L t g e n d  L a n e 1 3 . 4 0
1 9 7 5 0 2 1 0 1 1 0 0 0 0 0  5 6 0 6  L e g e n d  L a n e 1 6  6 7 1 6  0 8 1 5 - 6 3
P u m p c Q  1 9 7 5 0 2 2 0 1 0 1 0 0 0 0 1 5 1 31 3 3 6 1 3  3 3 1 5 1 0
1 9 7 5 0 2 2 0 2 0 6 0 0 0 0 1 8  5 7 16 96 1 6  6 0
1 2 0 4 7 0  1 9 7 5 0 2 2 0 2 1 3 0 0 0 0 21.21 2 1 . 6 0
6 4 1 2  H a z e l w o o d  C o u r t 1 6 . 7 7
6 5 0 5  M O R M O N  C R E E K  R D  2 2  9 9 2 2 . 7 0  2 2  5 7 2 1  1 6
1 3 1 9 0  S a p p M r a  D i * v « 2 0 . 3 6 1 7 . 5 6 1 7  2 21 2 6 9 4 5  1 9 7 5 0 3 1 0 2 1 0 0 0 0 0
1 3 4 0 0  S a p p h i r e  D d v e
44.701 3 5 8 0  S a p p N t e  O f  
1 3 6 3 0  S a p p h i r e  D r 7 5 . 9 51 3 0 9 3 9  1 9 7 5 0 3 1 0 4 0 5 0 0 0 0
4 7 . 1 0 4 9  6 65 6  0 2 5 3 9 5 4 5 . 7 01 3 4 6 0  S a p p h i r a  O f 5 6  5 5
1 3 7 5 0  S a p p h i r e  D r t v t
1 9 7 5 0 3 1 0 5 0 3 0 0 0 0 1 3 7 9 5  S a p p h i f t  D r i v e
3 6 . 1 5
1 7  0 0 1 7  2 12 0  3 51 3 0 9 5  S A P P H I R E  D R 2 0 . 5 6 2 0 . 6 0
1 9 7 5 0 3 1 0 5 1 7 0 0 0 0 1 3 9 1 5  S a p p h i f 4  D r i v e  
1 3 9 6 5  S a p p h i r e  D r i v e1 6 3 1 2 9  1 9 7 5 0 3 1 0 5 1 6 0 0 0 0
6 3 . 5 51 3 0 0 6  M m w o o d  O l i v e 6 2 . 2 0
1 9 7 5 0 3 2 0 1 0 1 0 0 0 0
9 4 7 5  L O L O  C R E E K  R D2 0 9 2 3 3 1 0 1 0 2 0 0 0 06 7 4 2 1
2 0 9 2 3 3 4 0 2 0 3 0 0 0 0
6 3 0 0  M o i m o f l  C r e e k  R o a d
1 0 . 9 51 2 3 52 0 9 2 3 4 2 0 1 0 3 0 0 0 0
1 3 7 06 7 4 3 2  2 0 9 2 3 4 2 0 2 0 9 0 0 0 0
1 3 . 9 51 6  6 26 9 3 5  L o l o  C r e e k  R d6 7 4 5 4  2 0 9 2 3 4 2 0 2 1 4 0 0 0 0
1 7  3 31 3 4 2 1342
1 7  7 32 0 9 2 3 4 3 0 1 0 6 0 0 0 0
1 6  4 77 2 0 2  M o r m o n  C r e e k  R o a d2 0 9 2 3 4 3 0 1 0 6 0 0 0 0
1 5 . 7 61 7  0 6 1 5 6 31 2 6 0 5  O p a l  D r i v e
21602 5 . 3 57 0 0 0  M o r m o n  C r e e k  R o a d2 0 9 2 3 4 3 0 2 0 2 0 0 0 0
N V V  r t j g a t o n  2 0 9 2 3 4 3 0 2 0 2 0 0 0 0  
1 7 1 7 5 8  2 0 9 2 3 4 3 0 2 0 3 0 0 0 0 2 4  9 46 6 5 0  M o r m o n  C r e a k  R o a d
e y s a  2 0 9 2 3 4 3 0 2 0 4 0 0 0 0  
1 6 0 3 3 2  2 0 9 2 3 4 3 0 2 0 5 0 0 0 0 21.02 2 3 . 7 2I r r i o a t o n
6 7 5 0  M o r m o n  C r e a k  R o a d2 0 9 2 3 4 3 0 2 0 6 0 0 0 0
6 8 5 0  M o r m o n  C i e e k  R o a d6 7 4 5 7  2 0 9 2 3 4 3 0 2 0 7 0 0 0 0
2 1  7 07 0 0 0  M o f m o n  C i e a k  R o a d2 0 9 2 3 4 3 0 2 0 9 0 0 0 0
2 4  1 97 0 0 0  M o i m o n  C c m K  R o a d5 E  R e s i d a n c e  2 0 9 2 3 4 3 0 2 0 9 0 0 0 0
1 2 1 2 5  P l e a s a n t  M e a d o w a2 0 9 2 3 4 4 0 1 2 0 0 0 0 0
7 6 5 57 0 9 7 3 4 4 0 4 0 4 0 0 0 0
LA
Table C1 continued: MWater Levels (2001) as depth (ft) from top of casinq or as reading on Staff gauge (Inches
G W I C I O G E O C O D E M A I L  1 2 / 1 0 2 / 1 7 3 / 2 3 / 4 3 / 1 1 3 / 2 5 4 / 2 9 5 / 6 5 / 7 6 / 1 6 / 8 8 / 1 0 6 / 1 1 6 / 1 4 6 / 1 7 6 / 2 7 7 / 1 7 / 5 7 / 6 7 / 7 7 / 1 ? 7 / 1 7 8 / 1 0 8 / 1 7 6 / 7 ? 8 / 2 4 8 / 7 7 8 / 7 8 9 / 5 9 / 1 1 9 / 3 0 1 0 / 1 3 1 0 / 1 5 1 1 / 4 I i 7 ? n 1 1 / 7 4 1 7 / 8
6 7 4 6 0 2 0 9 2 3 5 1 0 4 0 4 0 0 0 0 5 0 0 0  F a r m  L a n e  R d 2 3 3 0 2 4 . 0 8 2 2  6 7 2 4  7 3 ? 5  3 5 7 5  1 0
1 4 5 6 7 8 2 0 9 2 3 5 1 0 4 0 6 0 0 0 0 5 1 6 5  L o l o v i e w L n 2 3  9 0 2 3 . 3 0 2 2  9 6 7 4  1 4
1 2 4 0 5 9 2 0 9 2 3 5 1 0 5 1 3 0 0 0 0 5 4 0 0  T e n y  L a n e 2 2  6 8 2 1 . 9 6 2 2  9 0 2 0 . 5 3 7 7  9 5
6 7 4 6 6 2 0 9 2 3 5 2 0 5 0 6 0 0 0 0 1 5 8  A n n ' s  L a n e 3 6  4 0 3 6  3 7 3 5  3 1
1 4 4 6 4 2 2 0 9 2 3 5 2 0 6 0 5 0 0 0 0 1 3 1  A n n ' s  L a n e 3 7  7 5 3 7 . 7 5 3 6 . 6 5 3 6  3 5
1 2 4 6 2 2 2 0 9 2 3 5 2 0 7 1 0 0 0 0 0 1 8 3  A n n ' s  L a n a 3 7  4 5 3 7 . 4 6 3 6  4 6 3 6  7 3 3 7  8 9
6 7 5 2 5 2 0 9 2 3 5 3 0 2 0 2 0 0 0 0 1 2 2 2 1  H w y 9 3 S 1 6 . 2 6 1 8  6 7
1 2 1 9 2 4 2 0 9 2 3 5 3 0 2 0 5 0 0 0 0 6 3 7 5  K e s t e r  L a n e 1 7  6 1 1 7 5 5 1 7 . 1 8 1 7 . 3 0 1 6  4 8 1 5 . 5 6 1 6  7 7
6 7 5 1 2 a 2 0 9 2 3 5 3 0 3 0 2 0 0 0 0 1 2 4 5 0  H w y  9 3 1 4 . 9 9 9 4 3
6 7 5 0 9 2 0 9 2 3 5 3 0 3 0 2 0 0 0 0 1 2 4 5 0  H w y  9 3 5 6 4 5 0 2 5 1 7
6 7 5 1 2 2 0 9 2 3 5 3 0 3 0 2 0 0 0 0 1 2 4 5 0 H w y 9 3 1 5 . 3 2 1 5 . 1 8 1 4 8 2 1 4 . 8 5 1 3 . 9 9 1 3 . 4 0 1 6 1 1
1 5 9 3 5 2 2 0 9 2 3 5 4 0 1 0 4 0 0 0 0 5 6 3 8  M I C H A E L  L N
1 5 9 3 5 2 a 2 0 9 2 3 5 4 0 1 0 4 0 0 0 0 5 6 3 8  M I C H A E L  L N 8  9 6 8 . 6 1 8 7 8 7 . 3 1 9 6 3
6 7 5 2 9 2 0 9 2 3 5 4 0 3 0 6 0 0 0 0 5 5 0 5  M i c h a e l  L a n e 7  9 4 7  5 8 7 7 0 7  6 9
6 7 5 2 9 a 2 0 9 2 3 5 4 0 3 0 6 0 0 0 0 5 5 0 5  M i c h a e l  L a n e 3 . 6 7 3 . 1 6 3 . 2 6 4  0 3 5  7 8 6 7 3 6  2 8 4  9 5 5  1 0
6 7 4 6 5 2 0 9 2 3 5 4 0 6 0 5 0 0 0 0 1 2 7 5 0  L E W I S  C L A R K  O R 6  5 0 7  4 2 5 . 9 8 6 3 7 6 . 3 4 7 . 1 0 8 . 9 4 9  9 3
6 7 5 3 0 2 0 9 2 3 5 4 0 7 0 3 0 0 0 0 1 2 6 5 5  O T T O M A R  L N 6 . 7 1 6 . 6 5 8 7 7
1 5 1 2 0 2 C o u n t y  w e n  o n  G l a c i e r  D r i v e 2 8 . 2 3
c o w e f C o u n t y  w a l l  o n  M i c h a e l  L a n e 8  5 5 7 . 3 2
M W # 1 L a n o e 1 5 4 2 1 5 6 2 I B  1 0 1 8 9 2 1 9 . 1 8 1 9 . 0 8
M W # 2 H a n n u m 1 3 . 3 4 1 3 5 2 1 5 2 7 1 5 5 2 1 6 . 1 7 1 7  1 4 1 6 . 1 5
M W # 3 L e g e n d 1 0 2 2 1 0 2 4 1 1  9 3 1 2 . 5 0 1 3 4 9 1 2 . 1 9 1 1 4 9 1 1 . 6 4
M W « 5 . 4 0 5 . 7 4 7 . 6 5 8 . 6 3 1 0 . 0 0 6 . 0 0
M W # 5 B r a g e r 3 . 1 8 3 4 5 3 . 3 7 4 . 2 9 2 4 2 3  0 0
P I p l e z  W 4 . 1 6 2 . 5 5 1 . 7 1
P 2 p l e z E 4 . 1 6 2 0 5 1  3 5
P 3 P F O 1  I S
P 4 P F 1 0 . 6 6
P S P F 2 1  0 9
P 0 P F 3 0  9 8
P 7 P 0 2 2 . 0 8
P f l P C I 1  1 5
S G # 1 H a n d 1 8 0 0 3 5 . 0 0 2 8  0 0 2 7 . 5 0 1 2 0 0 1 0 7 5 1 0  0 0 1 0  5 0 1 0  5 0 1 2 5 0 1 5  5 0 1 5  0 0
S G # 2 N e l s o n 3 6 . 0 0 3 5 . 0 0 3 4  5 0 1 1 . 0 0
S G # 3 H a d n o t 3 6 . 0 0 3 4  0 0 2 2 . 0 0 1 6 6 9
S G # 4 L 4 C 3 5  8 0 3 5  7 0 3 5  5 0 2 7 . 0 0 3 2  5 0 2 3  5 0
S G # 5 9 3 3 3 . 0 0 3 0 2 0 1 0  0 0 8  0 0 6  0 0 7  0 0 6 0 0 1 4 5 0
R R 1 3  5 0 3 6  0 0 2 6  5 0 2 7 . 5 0 2 9 . 5 0 2 7  0 0 2 2 0 0 1 8  0 0 6  5 0 5 0 0 2 5 5 0 . 5 0 1  0 0 - 0  5 0 7  0 0 8  7 5 1 0  7 5
S G # 7 L i C  R d 3 6  0 0 3 6  0 0 3 5  0 0 3 1  5 0 2 8  7 5 2 6 . 5 0 2 6 . 0 0 2 1  0 0 1 9 5 0 1 7 . 5 0 2 1  5 0 2 3  0 0 2 4  2 5 2 4  3 0
S G U f S P r a e t o n 1 8  5 0 2 2  0 0 2 0  2 5
S G # 9 1 4  0 0 2 . 2 5 1 2 5 0 1 7  0 0
S G C o n I 1 0  2 5 7  0 0
S G # 1 1 S G 0 R 2 5  5 0 5  0 0 2  5 0
S G # 1 3 ; 1 2 7  0 0 2 7  0 0 1 6 . 5 0 2 5  0 0 1 2 3  5 0  2 1  5 0
S G # 1 3 h ^ e a p r t ^  
h a v e s  R R
3 5  0 0 3 9 . 3 0 3 7  0 0 2 4  5 0 1 5  5 0 1 0  0 0 2 2  5 0 2 7  0 0
S G # 1 4 1 1 .. 1 8 2 5 2 3 . 5 0 1 1 5 , 5 0 2 . 0 0 1 3  0 0
Table C 2 ;  Water Levels ( 2 0 0 1 )  as Elevation (ft), measu red from top of casin ï _ . . ! 1
i - H  - ----------_________
o w e  101 GEOCOOe ^ -------------------------
-  X 1
1/4 «71 879 6/10 «711 0/14 s n f M 7 7« 7/6 777 7713 «no 8n7 6779 976 9730 I IP . 1741
197W3101010000 5908 leoendlan* 2»4«« 3 ,« ,78 3168 92
—
316,91 3189 46 3169 6.
—
1169 96
_ 1975031010TO000 5804 t w o  Lme 3160 47 3160 69 3167 96
«4977 197502101030000 5503 Lwocna Lsn« 3160 A3 3160 06 3 1 „ 0 ,
- - - — - 3169 49 3163 49 3167 611
>97SO?lOl1ÛOOOO 5900 Leoend Lan# 3183 43 1186 63 + 3166 76 3167 35 3187 80
Punvco 197507*1010000 13350 93 S 3184 16
- - 3170 76
T
3170 83 3169 03
»97« 197507307000000 13195 C#rwL#n# 3192 27 3173 70 3179 79 3176 3? ------ 3175 47 3173 95 317309 1173 16
™ 7 0 197503207130000 6430 WORMON CfTEEK RO 3196 8 3 3179621 3173,1 1177 71 3175 58 3179 71
197903305010000 9168 HKifoQod Coud
T«70J 197503305020000 6263 Hiz#Msod Court
7SM73 197503305040000 6417 HmfWwmd Court 3241 89 3717 95
>31511 197503101010000 6505 MORMON CREEK RO 3 2 m a 3177 46 3177 42 3177 75 3177 88 3179 29 3177 51 3177 12 3177 45
13K45 197503103100000 13190 StPPhtraOiv# 3199 09 317, S« 3178 67 318190 318184 317941 3178 71 3176 93
IB U l 197503104030O00 13400 SwphmOnv*
«5995 197503104040000 13580 SappNfoCk -M70
1309J9 197503104050000 13630 gaoohk. Dm* .79 99
15T«1 197503104060000 13460 Sacwhn 0( 3229 48 3171 03 3177 46 3174 53 ,1 ,7  „ 31,1 71 318138 3178 80
1540<5 197903104090000 14  68
13SM9 197503105030000 3222 ««
«5892 197503105040000 J 6  15
197503105060000 13095 SAPPHIRE OR 3180 03 3.00 7«, 3113 77 3163 63 3183 42 319108 3160 21 3190 20
141323 17  81
1S3I29
197503107030000 11009 Khiwitaul Dm* 3188 72 3106 23 3187 87






3220 74 3300 39 3712 66
«7432 Kto.12 3200 45 3107 75 3108 49
116917 119100 310128 318991 3188 28
3209 20 31«7 08 31,8 20 3191 36 3181 78 3191 79 3190 94 3188 9. 3189 46 318808 3 1 .7 ,7 3187 77 31B7 7*
3187 09 3168 17 3166 45
3167 07 318832
310146 3194 13 319133
-
- - i ’« n —  -
3188 77 ---------
209334303030000 iu n o » 3169 87
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7000 Mormon Road 





3188 10 ^  : _ L -  
1 .  _
3165 4. -------- ----- 3184 80 _  11
' 1
[3211 39) 1
I 1 L _ .
3214 2J — -
3211 58
0743sl _2DS21Ua3QÆHQQ. 1 r i i 1 -  -L -
4:̂<1
Table C2 continued Water Levels (2001) as Elevation ft), measured from top of casin 1
GVflCiO GEOCOOC 27,0 2717 4̂ 56, 6/1 078 6710 67,1 67,. 67,7 ?n 775 8777 677. 8777 ,07,1
67iea 3097J510*40000 5000 ftrm  Ltr* Rd 3172 02 31.6 72 31.7 97 3 ,« ,S 3 ,« 5 7
14AATI 309305104060000 5165 L0MM»tfU> 3172 Ï6 31.6 36 3 ,« 9 6 31.9 30 1
13*59 2092351051MOOO 5 4 0 0 T in v tm 3172 66 3,50 20 3160 92 31«98 3,57 35 1 ,« 9 1 1
A74M 309235205000000 156 AlWl L4n# 3H , 0, 3 ,5 .6 , 315.67 1,55 70
209235306050000 ,3 1 * ™ ,- .L « 1,93 « 3 ,56 ,5 3156 IS 3,57 25 1,55 55
i , « a 209235307100000 ,K J» n n -.L » . 3,92 76 3, 553, 3155 30 3,56 30 3156 01 1 ,5 .67
67S» 209235303020000 1222, H»vM S 3,66 65 3170 59 1,56 ,6
1J1ÏM 209235302050000 S375 KMtf L*o« 3,92 72 3 ,7 5 ,, 3, 75 ,7 1175 V 3,79 «
67509 209235303020000 12450 Mw 93 3,77 09 3,67 66
6751Î 209236303020000 12430 H*vSa 3,65 6 . 3160 00 3 ,5 0 .7
«751Î. 209235303020000 12450 H«v 93 3,79 59 3,63 27 3163.1 3163 77 3,63 7 . 3 ,6 . 5( 3,65 ,9 3 ,6 2 * ,
,5935} 209235401040000 5636 MI01AEL LN
159353. 209235401D40000 5636 MICHAEL LN 3166,6 3159 22 3159 57 3159 « 3,60 67 3,56 55
67529 209239403060000 5505 McftAd Un» 3 1 «65 3156 9, 3157 IS 1,57 ,6
67529. 209335403090000 5505 Mchaet L*ne 3163 9 . 3,7» 27 3,60 76 3,60 66 3,58 id 3,57 7, 3,57 6, 3,58 99 3 ,  58 8.
67«5 209235406050000 12750 LEWIS CLARX OR 3,69 33 3,67 63 3 ,6 ,9 , 3,63 35 3,67 96 3,67 99 3,67 73 3,50 39 3,59 «
67530 2092154O7O300ÛO 12655OTT0UAALN 3 ,7 ,00 3 ,6 .2 9 3 ,9 .35 3,62 23
151202 Cwitv M# on Glaavr Orvi 316.56 3,36 33
cw w C«untvwM dn MiehMl LAH« 3177 50 3,6895 3,70,1
WA.1 3,99 22 3,63 61 3,63 60 3,8 , ,2 3,90 3( 3,80 07 3,801 .
Hwn 3,90 56 3,77 72 3,77 07 3,7 .39 3,73 « 3 ,7 .4 ,
MWB 3,7 , « 3,71 « 3,89 77 3,59 20 3,68 2, 3,69 5, 3,70 7, 3,70 06
MW«. 3,67 66 3,63 « 3,87,7 3,50 73 3,57 88 3,6,61
lfW.5 3,56 05 3,52 67 3,52 50 3 ,5 , 78 3,53 82 3, 530:
PI 3,67 20 3,83 07 3,64 65 3 ,65 .9
P3 3,66 33 3 ,62 ,7 3 ,5 .2 ! 3 ,6 .9 8






171, ,6 3730 57 3230 53 3229 2. 322907 3229 ,2 3229 2! 3229 53 3229.:
3,98 7. 3,95 66 3,96 62 3,96 66
SG.3 3169 65 3,92 8S| 3,92 « 3,91 « 3 ,9 ,0 .
S C .. 3,60 6 . 3,60 6. 3 ,6 0 0 »REf, .REF, WEF,
3,76 56 3,76 35 3,75 66 3,76 50 3,76 33 3 ,7 5 . , 3,77 07
1,70 0 . 3,7 , 9, 3 ,7 ,79 1 ,7 , 2d 3,7, 37 3 ,7 , ,6 3 ,7 0 ., 3,69 « 3,69 33 3 ,69 ,2 3 ,6 .95 3,58 99 3,89 « 3,59 67 3,69 8,
3,6950 316960 3,6952 3,69 « 3,69 00 3158 6, 3,66 77 3,68 35 3,66 23 3,56 06 3,68 « 3,68 52 3,68 62 3,68 6;
3 ,8 .2 ! 3 ,8 .55 3,5 . «
SC.9 3 ,58 ,7 3 ,55 ,9 3,58 0. 3 ,5 6 .;
31.7 60 3,47 5;
3 ,« 0 6
31.1 37 3 ,« 6 2 31W97 3 , 0  62 31.2 75 3 , 0 « 3 ,«1<
,c .„ 1 3,68 33 3,66 50 3,87 « 3,60 7, 3,66 92 3,87 29 3,67 57
3,67..« 1 m m m m m m 3,87 65 3,68 55
00
Appendix D: Water Quality Results and Quality Control
Water quality results are presented, followed by error analysis. Table D1 contains 
anion, alkalinity and ammonia data as well as field measured parameters pH, conductivity 
(EC), dissolved oxygen (DO) and temperature, and Table D2 contains cation data. Data 
is listed according to GWIC ID if known, zmd includes well depth. BMDL, <MDL, <# 
and "0" all refer to results below detection limits (#).
Quality control consisted of determination o f field and lab duplicate error, spike 
recovery error, error associated with laboratory standards and lab and field blanks. Error 
is reported either as a percent, as a concentration, or both. Values reported in the text are 
based upon field duplicate error. Table D3 contains a summary of anion quality control 
analysis and Table D4 contains raw anion data. Table D5 contains summaried laboratory 
error for cations, and field duplicate error is in Table D6. Table D7 contains raw cation 
data.
Calibration of field instruments was performed prior to and after field collection. 
In most cases, readbacks using standard solutions were within 10% of true value, and the 
instrument was regarded as calibrated. If the readback was off by more than 10%, the 
calibration technique pertinent to that particular instrument was used until acceptable 
calibration achieved.
Table D8 contains data from Missoula County monitoring wells, and Table D9 
data from Public Water Supply Wells used in the study. No QA/QC data is available for 
this data.
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8/38/3001
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8/14/2001 7 78 12.2 BMOL
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6*6*001 016 2 39
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j5 033 4 B9 0 0
g ftflO 007 3 66 0 004 0
7 07 11 16 0 1 70 0
7 4
rO  i 0
6 06
31 2
a/ia*ooi 7» 59 12 7 <1 <0 05 «0(Kj «0 056RSW 1 11*4*001 7«ft 116 4 9 34 1 66 0 003 0 3,’
LOLOCR 1/T/2003 023 1 67 000 004 000
740 530 115 55
bmOl . 13 6
0MIX 1 20
BMOL 4 75
_JSB_ 115 gUp|_ «0 05 <0 05
6rt4*CBl 115 BMOL «0 05 <05 67
116 BMOL «0 05 <05
1H3I« —̂
BMDL 252 14 B
10 5 DQ3 3 46 Q 007 0
0 To 11 B BUDL 206 U§ <0 05 <0 09 <0 05 320
la - .
0 SO 117 200 BMOL 0 06 3 07 <0 05 <0 05 <05 359
, , 9 4 0S3 0






-  - t  
___________
A! As Ba Be Ca Cd Co Or Cu Fe K LI Mg Mn Mo Na Nt P Pb s SI Sn Sr Ti V Zn
0.010 0.005 0001 0.0001 0,02 0,001 0.003 0.005 0,003 0.001 0,5 0,0015 0.1 00005 0,003 0.5 0.002 0.01 0.01 0,02 0,003 0.0005 0.005 0.005 0.001
ma/1 mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/1 mq/l ma4
Pumpco 6M 4/2001 <.0100 <.0050 0.076 <00010 38.32 <0010 <0030 <0050 <0030 0.0082 3.1 0,0041 17.7 <.0005 <0030 5.0 <0020 <0100 <0100 1.625 8.42 <0030 0.0961 <0050 <.0050 0.002
Pumpco 11/20/2001 0.041 BMDL 0.088 BMDL 49,49 BMOL BMDL BMDL 0.0118 BMOL 3.2 0,0036 19.3 BMDL BMDL 8.7 BMOL BMDL BMDL 2,109 7.199 0.0131 0.0957 BMDL BMDL 0.0638





<0100 <0050 0.044 <00010 26.30 <0010 < 0030 <0050 <0030 0.009 1.3 0.0018 7.0 <0005 <0030 3.4 <0020 <0100 <0100 1.129 7.411 <0030 0.0446 <0050 <0050 <0010
<0.01 <0.005 0.067 <0.0001 35,59 <0.001 <0.003 <0,005 <0,003 0.0066 1,7 0.0018 10,8 <0.0005 <0,003 4.4 <0,002 <0.01 <0.01 1.62 7.694 <0.003 0.0541 <0.005 <0,005 0.0435
65976 6/14/2001 <0100 <.0050 0.057 <00010 31.40 <0010 <0030 <.0050 <0030 0,007 1.6 0 0018 10,1 <0005 <0030 4.1 <0020 <.0100 <.0100 1.277 7.61 <0030 0.0480 <0050 <0050 0.0084
65976 11/20/2001 0.042 BMDL 0.068 0.0002 41.93 BMDL BMDL BMDL BMDL 0.0024 1.7 0.0021 12,4 0.0005 BMDL 4.3 BMOL BMDL BMDL 1.94 6.316 0.0132 0.0542 BMDL BMDL 0.0488
65976a 11/20/2001 0,041 BMDL 0.068 0.0001 42.68 BMDL BMDL BMDL BMDL 0.0015 1.7 0.0019 127 BMOL BMDL 4.3 BMDL BMOL BMOL 1.972 6.301 0.0085 0.0547 BMOL BMDL 0.0138
65984 3/2/2001 <0.01 <0.005 0.046 <0.0001 24.93 <0.001 <0.003 <0.005 <0.003 0.0068 1.5 0.0022 13.5 <0,0005 <0.003 3.7 <0.002 <0.01 <0.01 1.072 7.596 <0.003 0.0628 <0.005 <0.005 0.0066
67416 6/14/2001 <0100 <0050 0,032 <00010 20.86 <0010 <.0030 <0050 <0030 0.0228 1.2 <0015 7.1 0.0013 <0030 2.6 <.0020 <.0100 <0100 0.8725 6.158 <0030 0.0553 <0050 <.0050 0.0487
67421 3/4/2001 <001 <0.005 0.044 <0.0001 11.03 <0 001 <0.003 <0.005 <0 003 0.0089 1.1 <0.0015 39 <0.0005 <0.003 34 <0.002 <0.01 <0,01 0.7864 8.045 <0.003 0.0340 <0,005 <0.005 0.0277
67436 3/4/2001 <0.01 <0.005 0.029 <0.0001 9.77 <0,001 <0,003 <0.005 0.0502 0.018 0.9 <0.0015 3.2 0.005 <0.003 3.1 <0.002 <0.01 <0.01 0.7642 8.267 <0.003 0.0284 <0,005 <0.005 0.0162
67442 3/4/2001 <0.01 <0.005 0031 <0.0001 12 26 <0.001 <0.003 <0.005 0.0601 0.0069 0.9 <00015 4.0 0.0008 <0.003 2.7 <0.002 <0.01 <0.01 1.151 6.458 <0.003 0.0373 <0.005 <0,005 0.0365
67454 3/11/2001 <0.01 <0.005 0.045 <0.0001 14.96 <0.001 <0.003 <0.005 <0,003 0.0096 1.3 0.0016 4,6 <0.0005 <0.003 3.5 <0.002 <0.01 <0.01 1.598 8.195 <0.003 0.0393 <0.005 <0.005 0,007
67460 4/29/2001 <0100 <0050 0.043 <00010 20.31 <0010 <0030 <0050 <0030 0,0186 1.3 <0015 5.7 0.0047 <0030 4.3 <0020 <0100 <0100 1.049 7.492 <0030 0.0432 <.0050 <0050 0,0677
67465 3/11/2001 <0.01 <0.005 0.043 <0.0001 26.81 <0,001 <0.003 <0.005 <0.003 0.0089 1.5 0.0019 5.0 <0.0005 <0.003 3,7 <0.002 <0.01 <0.01 0.9659 7.608 <0.003 0.0435 <0.005 <0.005 0.0173
67466 4/29/2001 <0100 <0050 0.071 <0001 39.20 <0010 <0030 <0050 <0030 0.0086 2.3 0.0033 15.3 <0005 <.0030 4.7 <•0020 <0100 <0100 2.718 7,594 <0030 0.0746 <.0050 <0050 0.0047
67477 6/14/2001 <0100 <0050 0.048 <00010 21.71 <0010 <0030 <0050 <0030 0.023 14 0.0021 6.5 0.0008 <0030 4.2 <0020 <0100 <0100 1.383 7,911 <0030 0.0453 <0050 <0050 0.0535
67479 3/2/2001 <0.01 <0.005 0.046 <0.0001 17.17 <0.001 <0,003 <0.005 0.0187 0.0095 1.3 0.0016 5.2 0.0012 <0.003 4,5 <0.002 <0,01 <0.01 1.168 7.953 <0.003 0.0429 <0.005 <0,005 0.0278
67512 3/4/2001 <001 <0.005 0.036 <0.0001 16.62 <0.001 <0003 <0.005 0.0136 0.0107 1.2 <00015 4.2 O.OOOS <0.003 3.9 <0,002 <001 <0.01 0,9952 7.992 <0.003 0.0388 <0.005 <0.005 0.0324
67529 3/11/2001 <0.01 <0.005 0.041 <0.0001 16.41 <0.001 <0,003 <0.005 0.0187 0.0107 1.2 0.0015 4.6 0.0009 <0,003 39 <0.002 <0,01 <0.01 0.9215 7.686 <0.003 0.0438 <0.005 <0,005 0.0072
67530 4/29/2001 <0100 <0050 0.028 <00010 18.70 <0010 <0030 <0050 <0030 0.0165 1.0 <0015 4.2 0.0121 <0030 2.8 <0020 <0100 <0100 1.123 5.614 <.0030 0.0336 <0050 <0050 0.0527
67530! 4/29/2001 0.014 <,0050 0.028 <00010 11.53 <0010 <0030 <.0050 <.0030 0.0448 1.1 0.0015 3.7 0.0094 <0030 3.7 <0020 <0100 <0100 1.044 6.396 <0030 0.0332 <0050 <0050 0.044
120470 3/4/2001 <0.01 <0.005 0.034 <0.0001 19.02 <0.001 <0,003 <0.005 <0,003 0.0612 1.3 0.0016 6.2 0.0111 <0.003 3.2 <0.002 <0.01 <0.01 0.8438 5.722 <0.003 0.0410 <0.005 <0.005 <0.001
120470A 3/4/2001
3/4/2001




<0.01 <0,005 0.035 <0.0001 20.28 <0.001 <0,003 <0,005 0.0074 0.0065 1.2 <0,0015 5.2 <0.0005 <0.003 3.2 <0 002 <0.01 <001 0.8145 7.591 <0.003 00380 <0,005 <0005 0,0019
11/20/2001
3/4/2001
0.026 BMOL 0.036 BMDL 23.07 BMDL BMDL BMDL 00048 0.001 1.2 0.0018 6.0 0.0051 BMOL 3.0 BMDL BMDL BMDL 1.32 6.288 0,0042 00391 BMDL BMDL 0.0029
<001 <0 005 0.036 <0 0001 12 02 <0 001 <0,003 <0.005 0.0034 0.0076 1.1 <0.0015 3.8 0.0008 <0.003 37 <0.002 <0.01 <0,01 0.9716 8,042 <0.003 0,0352 <0.005 <0.005 0.0226
LAW
Sample Dale | / . As Ba Be Ca Cd Co Cr Cu Fe K U Mg Mn Mo Na Ni P Pb S SI Sn Sr Tl V Zn
Table D2 conL 0.010 0.005 0.001 0.0001 0.02 0.001 0.003 0.005 0.003 0.001 0.5 0.0015 0.1 0.0005 0.003 05 0.002 0.01 0.01 0.02 0.003 O.OOOS 0.005 0.005 0.001
Sample Name mg/1 mg/l mq/l mq/1 mq/l mq/l mq/l mq/l mq/1 mq/l mg/l mq/1 mg/l mq/1 mq/l mq/l mq/1 mq/l mq/l mq/l mo/l
122443 3/11/2001 <0.01 <0.005 0,051 <0.0001 28.08 <0.001 <0.003 <0.005 <0.003 0.0063 1.4 0.0018 6.5 <0.0005 <0.003 3.3 <0.002 <0.01 <0.01 1.084 7.284 <0 003 0.0474 <0.005 <0.005 <0 001
122443 11/20/2001 0.023 BMDL 0.039 BMDL 23.10 BMDL BMDL BMDL BMDL 0.0013 1.2 0.0017 7.6 0.001 BMDL 3.0 BMDL BMDL BMDL 1.368 5.772 0.0072 0.0413 BMDL BMDL 0 0029
122444 3/11/2001 <0 01 <0.005 0.043 <0,0001 23.00 <0.001 <0.003 <0.005 <0.003 00064 1.3 0.0016 7.6 <0.0005 <0.003 3.3 <0.002 <0.01 <0.01 1.069 7.133 <0.003 0.0470 <0.005 <0.005 0.0014
124059 3/11/2001 <0.01 <0.005 0.044 <0.0001 21.96 <0.001 <0.003 <0.005 <0.003 0.0074 1.3 0.0042 6.5 <0.0005 <0.003 5.7 <0.002 <0.01 <0.01 1.026 7.025 <0.003 0.0457 <0.005 <0.005 0.0203
124622 4/29/2001 0,012 < 0050 0.087 <00010 42.95 <0010 <.0030 <0050 0.0175 0.0142 2.3 0.0031 17.9 0.0007 <0030 4.7 <0020 <0100 <0100 4.062 7.972 <0030 0.0845 <.0050 <0050 0.0159
124622 7/18/2001 <0100 <0050 0.084 <00010 41.28 <0010 <0030 <0050 0.0085 0.0098 2.3 0.0033 18.0 <0005 <0030 4.6 <0020 <0100 <0100 3.712 7.642 <0030 0.0829 <0050 <0050 <0010
124622 8/28/2001 0.030 BMDL 0.082 BMDL 46.88 BMDL BMDL BMDL BMDL BMDL 2.2 0.0032 19.2 BMDL BMOL 4.4 BMDL BMDL BMDL 4.398 6.074 0.0051 0.0776 BMDL BMOL 0.0045
128945 3/4/2001 <0.01 <0.005 0.045 <0.0001 18.00 <0.001 <0.003 <0.005 <0.003 0.0063 1.7 0.0036 25.3 <0.0005 <0.003 5.5 <0002 <001 <0.01 2.15 6.212 <0.003 0.0860 <0.005 <0.005 0.011
128945 11/19/2001 0.025 0 006 0.048 BMDL 22.35 BMDL BMDL BMDL BMDL BMOL 1.7 0.0041 33.7 BMDL BMDL 6.1 BMDL BMDL BMDL 2.961 5.294 0.0079 0.0906 BMDL BMOL 0.0204
132299 3/4/2001 <0.01 <0.005 0 048 <0.0001 27.96 <0.001 <0.003 <0.005 <0.003 0.0084 1.6 0.0021 11.7 <0.0005 <0.003 3.9 <0.002 <0.01 <0.01 1.031 7.133 <0.003 0.0571 <0.005 <0.005 0.0123
132299 11/19/2001 0.025 BMDL 0.052 BMDL 33.68 BMDL BMDL BMDL BMDL BMDL 1.5 0.0022 15.4 BMDL BMDL 4.5 BMOL BMDL BMDL 2.024 6.38 0.01 0.0603 BMDL BMDL 00177
LN 11/19/2001 0.028 BMOL 0.0488 BMDL 24.68 BMDL BMDL BMDL BMDL BMOL 1.606 0.0 25.76 0.0005 BMDL 5.505 BMDL BMDL BMDL 2.196 5.841 0.0107 0.0782 BMDL BMDL 0.0833
132821 3/11/2001 <0.01 0.006 0.105 <0.0001 34,61 <0.001 <0.003 <0.005 0.0066 0.0058 4.4 0.005 63.9 <00005 0.0037 12.8 <0.002 <0.01 <0.01 10.44 8.117 <0.003 0.1596 <0.005 <0 005 0,0387
132821 6/14/2001 <0100 0015 0,030 <00010 28.13 <0010 <0030 <0050 <.0030 0.0075 5.0 0.0032 42.2 <0005 <.0030 7.9 <0020 <0100 <0100 3.911 7.464 <0030 0.1033 <.0050 <0050 0.0155
132821 11/19/2001 0.031 0.009 0039 BMDL 28.17 BMOL BMDL BMDL BMDL BMDL 4.4 0.0035 425 BMOL BMDL 7.4 BMDL BMDL BMDL 4.016 5.835 0.0104 0.0946 BMDL BMDL 0.0149
144642 4/29/2001 <0100 <0050 0.078 <00010 39.13 <0010 <0030 <0050 <0030 0.0088 2.3 0.0031 16.5 <0005 <0030 5.0 <0020 <0100 <0100 3.28 7.637 <0030 0.0792 <0050 <0050 0.0494
145878 4/29/2001 <0100 <0050 0.048 <00010 18.26 <0010 <0030 <.0050 0.1068 0.007 1.3 0.0018 5.2 0.004 <0030 4.7 <0020 <0100 <.0100 1.201 7.769 <.0030 0.0421 <0050 <0050 0.0118
157461 3/11/2001 <0.01 0049 0.074 <0.0001 32,93 <0.001 0.0106 <0.005 <0.003 0.0127 2.5 0.0111 60.2 0.0077 0.0067 9.0 0.0306 <0.01 <0.01 7.185 8.02 <0.003 0.2536 <0.005 <0.005 0.0173
157461 4/29/2001 <0100 0.062 0.077 <00010 32.80 <0010 0.0095 <0050 <0030 0.0071 2.4 0.0114 >50.00 0.0017 0.0067 8.8 0.031 <0100 <0100 6.825 832 < 0030 0.2647 <0050 <0050 00123
157461 6/14/2001 <0100 <0050 0.068 <00010 52.69 <0010 <0030 <0050 <0030 0.0127 2.3 0.0077 41.4 0.0012 <0030 5.3 <0020 <0100 <0100 1.858 >10.00 < 0030 0.2659 <0050 <0050 0.008
157461 8/28/2001 0.038 0.014 0.067 BMOL 49.76 BMDL 0.0036 BMOL BMDL BMDL 2.2 0.0081 48.4 0.0009 BMDL 6.2 0.0121 BMOL BMDL 3.948 8.254 0.0109 0.2346 BMDL BMDL 0.0198
157461 11/19/2001 0.040 BMDL 0.067 BMDL 60.22 BMDL BMOL BMDL BMDL 0.0012 2.2 0.0079 39.7 0.0005 BMDL 5.0 BMDL BMDL BMDL 2258 9.333 0.0131 0.2478 BMDL BMDL 0.0105
157461a 11/19/2001 0.044 BMDL 0.070 BMDL 57.94 BMDL BMDL BMDL BMDL BMOL 2.3 0.0085 45.9 BMDL BMDL 5.8 0.0075 BMDL BMDL 4606 8.724 0.01 0.2533 BMDL BMDL 0.0085
157461b 11/19/2001 0.038 BMDL 0.070 BMDL 56.27 BMDL BMDL BMDL BMDL BMDL 2.2 0.0081 46.9 BMDL BMDL 5.7 0.0115 BMDL BMDL 5.381 8.292 0.0124 0.2509 BMDL BMOL 0.0046
158123 3/4/2001 <0.01 <0.005 0.062 <0.0001 29.11 <0.001 <0.003 <0.005 0.0042 0.0094 1.9 0.0023 79 0.0007 <0 003 4.3 <0.002 <0.01 <0.01 1.511 7.917 <0.003 0.0569 <0.005 <0.005 0.0109
159352 3/11/2001 <0.01 <0.005 0 033 <0.0001 13.81 <0001 <0.003 <0.005 <0.003 0.0093 1.1 <0.0015 3.7 0.0051 <0003 3.5 <0.002 <001 <0.01 0.7056 7.73 <0.003 0.0333 <0.005 <0005 0.0049
160332 3/11/2001 <0.01 <0 005 0028 <0.0001 12.92 <0.001 <0 003 <0.005 <0.003 0.012 1.0 <0.0015 39 0.0019 <0 003 3.0 <0.002 <0.01 <0.01 0.7866 7.58 <0.003 0.0331 <0.005 <0.005 0.003
161956 11/19/2001 0.017 BMDL 0.026 0.0001 10.03 BMOL BMDL BMDL BMDL 1.296 0.9 0.0018 3.5 0.0816 BMDL 3.2 BMDL BMDL BMDL 0.954 5.446 0.0041 0.0300 BMOL BMOL 0.0031
166000 3/4/2001 <0.01 <0.005 0.042 <0.0001 13.13 <0.001 <0.003 <0.005 <0,003 0.0303 1.1 <0 0015 5.0 0.0005 <0.003 3.3 <0 002 <0.01 <001 0.9272 7222 <0 003 00400 <0.005 <0 005 00018
166000 11/19/2001 0025 BMDL 0.036 BMDL 22.84 BMDL BMDL BMDL BMDL 0.0016 1.2 0.0016 7.1 BMDL BMOL 3.3 BMDL BMDL BMDL 1.499 6.061 0.0063 0.0444 BMDL BMDL 0003
166006 3/4/2001 <0.01 <0.005 0.036 <0.0001 21.06 <0.001 <0 003 <0.005 0.0099 0.0088 1.2 <0.0015 6.4 00013 <0.003 3.5 0.0186 <0.01 <0.01 1.067 7.472 <0.003 0.0466 <0.005 <0.005 0 1512
65976+65979 3/4/2001 <0.01 <0.005 0.070 <0.0001 32.60 <0.001 <0.003 <0.005 <0.003 0,0112 2.4 0.0057 282 0.0007 <0.003 7.0 <0.002 <0.01 <0.01 2.591 7.977 <0.003 0.1266 <0.005 <0.005 00338
LA
1 Sample Dale AI As Ba Be Ca Cd Co Cr Cu Fe K LI Mg Mn Mo Na Ni P Pb S SI Sn Sr T, V Zn
Table D2 co nL 0010 0.005 0.001 0.0001 0.02 0.001 0.003 0.005 0.003 0.001 0.5 0.0015 0.1 0.0005 0.003 0.5 0.002 0.01 0.01 0.02 0.003 0.0005 0.005 0.005
j—
0.001
Sample Name mq/l mq/l mq/l mq/l mq/l mq/l mq/l mq/l mqfl mq/l mg/l mq/l mq/l mq/l mq/l mq/l mg/l mq/l mq/l mg/l mq/l mq/l mq/l mq/t
Bl 11/24/2001 0.048 BMDL 0039 0.0003 14.38 BMDL BMDL BMDL 0.0033 2.61 1.2 0.0021 49 0.1094 BMDL 3.9 BMOL BMOL BMOL 1.205 8 0.003 0.0474 BMDL 0.008 0.0024
B2 11/24/2001 0.022 BMDL 0025 BMDL 15,06 BMDL BMDL BMDL BMDL BMOL 1.2 0,0021 4.0 0.0008 BMDL 3.2 BMOL BMDL BMDL 1 6.776 0.0042 0.0310 BMDL BMDL 0.005
B4 11/24/2001 0.025 BMDL 0,051 BMDL 20.43 BMDL BMOL BMDL BMDL 0.0039 1.6 0 0019 3.7 0.0016 BMDL 3.9 BMOL 0.02 BMOL 1.5 7 0.0042 0.0496 BMOL BMDL 0.0117
85 11/24/2001 0,037 BMDL 0.066 BMDL 27.55 BMDL BMDL BMOL BMDL BMDL 1.9 0.002 45 0.0033 BMDL 48 BMDL BMOL 0.01 2 7.025 0.0097 0.0598 BMDL BMDL 0.0316
MW#1 7/18/2001 <0100 <0050 0.076 <00010 3806 <0010 <0030 <.0050 <0030 00338 2.0 0.002 93 0.0182 <0030 7.0 <0020 <0100 <0100 1.766 7.053 <0030 0.0776 <0050 <0050 <0010
MW#1 11/19/2001 0.045 BMDL 0.059 BMDL 29.41 BMDL BMDL BMDL BMOL 0.0313 1.6 BMDL 7.1 00036 BMOL 5.2 BMDL BMDL BMDL 2.218 6.183 0.0088 0.0551 BMDL BMDL 0.0095
mm 7/18/2001 0.013 <0050 0.060 <00010 31.06 <0010 <0030 <0050 <0030 0.0244 2.0 0.0022 5.7 0.0326 <0030 65 <.0020 <0100 <0100 1.925 8.059 <0030 0.0574 <0050 <.0050 <0010
mm 11/20/2001 0.040 BMDL 0.086 BMDL 46.51 BMDL BMDL BMOL BMDL 0.0057 2.1 0.0024 7.9 0 0024 BMDL 9.0 BMOL BMOL BMDL 2544 6.651 0.0136 0.0738 BMDL BMDL 0.0047
MW#3 7/18/2001 <0100 <0050 0.062 <00010 32.17 <0010 <0030 <0050 <.0030 0.0113 22 0.0021 97 0.0014 <0030 5.7 <0020 0.01 <0100 1.514 8.334 <0030 0.0606 <0050 <0050 <0010
MW#3 11/5/2001 0.039 BMDL 0.089 BMDL 50 26 BMOL BMDL BMDL BMDL BMOL 2.6 0.0025 15.3 0.0022 BMDL 6.0 BMDL BMDL BMDL 2 225 7.202 0.0077 0.0807 BMOL BMDL 0.0059
MW#3 11/20/2001 0.040 BMDL 0.084 BMDL 48.82 BMDL BMOL BMDL BMDL BMDL 2.5 0.0026 15.1 BMDL BMDL 6.3 BMDL BMDL 0.01 2.126 7.159 0.0106 0.0793 BMOL BMDL 0.0022
MW#3S 11/5/2001 0.030 BMDL 0.083 BMDL 48.58 BMDL BMOL BMOL BMOL 0.0041 2.5 0.0028 15.2 BMDL BMDL 6.4 BMDL BMDL BMDL 2.221 7.146 0.0097 0.0781 BMDL BMDL 0.0069
MWUM 7/18/2001 0.020 <.0050 0.026 <00010 6,77 <0010 <.0030 <0050 <0030 0.0263 0.9 0.0017 2.8 00066 <0030 2.8 <0020 <0100 <0100 0.5733 8.486 <0030 0.0278 <0050 <0050 <0010
MWW 8/28/2001 0.077 BMOL 0.024 0.0001 9.88 BMDL BMOL BMOL BMDL 0.0952 1.3 0.0022 3.4 0.1196 BMDL 3.2 BMDL BMOL BMOL 0.798 6.709 0 0.0302 BMDL BMDL 0.00
GPN 11/20/2001 0.049 BMDL 0.051 0.0002 24.07 BMDL BMDL BMOL BMDL 0.3761 1.9 0.002 4.3 0.0052 BMOL 4.5 BMDL BMDL BMOL 4.93 8.681 0.006 0.0412 BMDL BMDL 0.0242
GPS 11/20/2001 0.048 BMDL 0.061 BMDL 29.70 BMDL BMDL BMDL BMDL 0.142 2.1 0.0023 4.8 00039 BMDL 5.1 BMDL BMOL BMDL 2.255 8.035 0.0095 0.0450 BMDL BMDL 0.0147
GPSW 11/20/2001 0.033 BMDL 0.057 0.0002 24.38 BMDL BMDL BMDL BMDL 0.0277 1.8 0.0016 43 00075 BMOL 4.4 BMDL BMDL 0.01 4 11 8.119 0.0045 0.0407 BMDL BMDL 0.0028
SGW 11/20/2001 0.048 BMDL 0.079 0.0001 66.67 BMDL BMDL BMDL BMDL 0.0545 2.6 0.0026 7.9 0.0335 BMDL 10.8 BMDL BMDL BMDL 8.878 5971 0.01 0.0845 BMDL BMDL 0.0105
SSW 11/20/2001 0.051 BMDL 0.086 00002 6668 BMDL BMDL BMOL BMDL 0.2455 3.8 0.0028 7.9 01932 BMDL 10.5 BMOL BMDL BMDL 3.392 9516 0.012 0.0856 BMDL BMDL 00058
McClay 6/14/2001 0.032 <0050 0.016 <00010 4,35 <0010 <0030 <0050 <0030 0.0309 <5000 <0015 1.4 0.0009 <.0030 1.7 <0020 <0100 <0100 0.4202 5472 <0030 0.0178 <0050 <0050 <0010
LCRd 6/19/2001 0023 <0050 0.018 <00010 580 <0010 <0030 <0050 <.0030 0.0226 0.6 <0015 1.9 0.001 <0030 2.0 <0020 <0100 <0100 0.5847 6.196 <0030 0.0205 <0050 <0050 <0010
6RSW 11/24/2001 0.024 BMDL 0.029 BMDL 15.05 BMDL BMDL BMDL BMDL 0.0213 1.4 0.0027 3.6 0.0069 BMDL 4.6 BMOL BMDL BMDL 1 5.597 0.0085 0.0633 BMDL BMDL BMDL
Sample Date AI As Ba Be Ca Cd Co Cr Cu Fe K U Mg Mn Mo Na Ni P Pb S SI Sn Sr Tl V Zn
65983 6/14/2001 <0100 <0050 0.093 <00010 63.35 <0010 <.0030 <.0050 <0030 0.0125 2.0 0.0058 25.3 <0005 <0030 53 <0020 0.01 <0100 2.01 >10.00 <0030 0.2254 <0050 <0050 0.0629
65992 6/14/2001 <0100 0.008 0.071 <00010 23.06 <0010 <0030 <0050 <0030 0.0095 2.5 0.0083 41.3 0001 0.0061 123 0.0042 <0100 <0100 4.038 5.94 <0030 0.1128 < 0050 < 0050 0.0088
65993 6/14/2001 <0100 <0050 0.068 <00010 23.36 <0010 <0030 <.0050 <0030 0.0078 2.5 0.0077 45.7 00056 00047 10.4 <0020 <0100 <0100 6245 7.889 <0030 0.1208 < 0050 < 0050 0 0061
67438 6/14/2001 <0100 <0050 0.049 <.00010 17,47 <0010 <0030 <■0050 0.0059 0.0059 2.6 0.0134 43.7 <0005 0.0038 10.8 <0020 <0100 <0100 4.401 5.367 <0030 0.2120 <0050 <0050 0.0177
130939 6/14/2001 <0100 0.007 0.047 <00010 23.01 <0010 <0030 <0050 0.0089 0.0056 2.1 0.0067 42.8 0.0115 0.0053 15-3 <.0020 <0100 <0100 6535 7.276 <0030 0.1298 <0050 <0050 0.1755
136389 6/14/2001 <0100 <.0050 0.078 <00010 20.48 <0010 <0030 <0050 <0030 0.0098 2.2 0.0081 41.0 <0005 0.0036 30.7 <0020 <0100 <0100 4.172 8.825 <.0030 0.1808 <0050 <0050 0.032
141323 6/14/2001 <0100 <0050 0.046 0.0001 20.69 <0010 <0030 <0050 <.0030 00086 1.7 0.0062 27.0 <0005 0.0036 12.4 <0020 <0100 <0100 2.333 9.592 <0030 0.1985 <0050 <0050 0.0076
154065 6/14/2001 <0100 < 0050 0.080 <00010 2031 <0010 <0030 <0050 <0030 0.0096 2.1 0.007 36.2 <0005 < 0030 22.0 <.0020 <.0100 <.0100 2.958 9.646 <.0030 0.1499 <0050 <0050 0.0049
156472 6/14/2001 <0100 0.006 0051 <00010 24.44 <0010 <0030 <0050 <.0030 0.0052 2.3 0.009 406 00014 0.0059 9.9 0.0031 <0100 <0100 5.107 7.275 <0030 0.1374 < 0050 < 0050 0.2072
156472 11/19/2001 0.024 0 009 0.052 0.0001 2552 BMDL BMDL BMDL BMDL BMOL 2.3 0.008 39.0 0.0026 0.0053 9.1 0.0102 BMDL BMDL 4.734 4.856 0.0121 0.1240 BMDL BMDL 0 1032
166035 6/14/2001 <0100 < 0050 0 049 <00010 27.87 <0010 <0030 < 0050 0.0076 0.1079 36 0.0199 >50 00 0.0033 00067 18.0 <0020 <0100 <0100 10.7 >10 00 <0030 0.2528 < 0050 < 0050 0 0029
6/14/2001 <0100 <0050 0.046 <00010 24,54 <0010 <0030 <0050 <0030 0.354 2.9 0.012 47.7 00082 0.0073 17-4 <0020 <0100 <0100 8.641 7.444 <.0030 0.1971 <0050 <0050 0 0968
167423 11/19/2001 0 035 BMDL 0052 0 0001 27 96 BMDL BMDL BMDL BMDL 0.7695 3.0 0.0127 51 7 0.0138 0 0076 18.6 BMDL BMDL 0.02 9 274 5.46 0.0127 0.2013 BMDL BMDL ^0 1205
183129 6/14/2001 <0100 <0050 0 032
-----------
<000101 19 70 <0010 < 0030 <0050 0.0111 0.0096 1.6 0.006 30.6 <0005 <0030 157 <0020 <0100 <0100 2 194 9.303 <0030 0.1972 <0050 <0050 00204
Table D3 : Anion QA/QC Summary
Flouride Chloride Nitrite Nitrate Phosphate Sulfate
Field Duplicates Average 4.0% 2.8% 2.0% 1.5% F Cl N02 N03 P04 S04
SD 2.4% 3.6% 2.7% 2.1% 1.00 2.50 1.25 1 25 24 2 7.50
Min 0.4% 0.0% 0.1% 0.0% 0.90 1.05 1.06 1.13 2.18 6 04
Max 7.3% 10.4% 8.3% 6.1% 1.10 3.08 1.44 1.38 2.68 8.64
Ave + 1 SC 6.4% 6.4% 0.0% 4.7% 0.0% 3.6%
ave 1.00 2.27 0.92 1.27 2.48 7.27
Lab Duplicates Average 1.82% 1.78% 1.62% 0.42% S t dev 0.03 0.35 0.52 0.03 0.57 0.12
% Difference SD 1.61% 1.98% 2.15% 0.34% Ave - SD 0.97 1.92 0.41 1.25 1.92 7.15
Min 0.16% 0.21% 0.18% 0.01% Ave + SD 1.03 2.61 1.44 1.30 3.05 7.39
Max 6.69% 8.13% 6.85% 1.06%





N02 N03 P04 S04
Spike Recovery Average 101.95% 93.42% 99.05% 104,98% 63.25% 93.63% TRUE 0.50 1.30 0.63 0.63 1.21 3.80
Percent SD 16.12% 5.63% 22.21% 24.47% 56.90% 4.68% LOW 0.45 0.53 0.53 0.57 1.09 3.02
Min 86.94% 82.27% 0.00% 86.13% 0.00% 82.21% HIGH 0.55 1.54 0.72 0.69 1.34 4.32
Max 162.86% 104.18% 129.47% 227.49% 192.45% 106.27%
ave 0.49 1.20 0.43 0.62 1.23 3.64
Spike Recovery Average -0.01 -0.19 0.00 0.01 -0.03 -0.39 S t dev 0.05 0.14 0.27 0.06 0.23 0.32
Concentration SD 0.05 0.40 0.04 0.04 0.07 1.21 Ave - SD 0.44 1.06 0.16 0.56 1.00 3.31
Min -0.26 -1.34 -0.15 -0.11 -0.10 -5.89 Ave + SD 0.53 1.34 0.71 0.68 1.47 3.96
Max 0.09 1.77 0.13
Lab Blanks Average 0.00 0.29 0.00
SD 0.00 0.12 0.00
Min 0.00 0.00 0.00
Max 0.00 0.46 0,00
Field Blanks Average 0.00 0.28 0.00
SD 0.00 0.12 0.00
Min 0.00 0.23 0.00
Max 0.00 0.50 0.00
Equipjment Blanks
Filter Blank 1/8/02 0 0.24 0
Hose Bib Converter Blank 11/20/01 0 0.27 0
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T able D4: Original A nion Data (units in mg/l)
S a m p le  N am e D a te  F Cl N 0 2 -N N 0 3 -N P 0 4 S 0 4
A u to ca l 1 3 /2 /0 1  0 1 1.5 0.1 0.1 0.1 5
A u to ca l 2 3 /2 /0 1  0 .2 3 0 .2 0 .2 0 .2 10
A u to ca l 3 3/2 /01  1 15 1 1 1 5 0
A u to ca l 4 3/2 /01  2 3 0 2 2 2 100
Cl N 0 2 -N  N 0 3 -N  P 0 4  5 0 4
%  D iffe ren ce  from  k n o w n  v a lu e
S ta n d a rd  1 3/2/01 0.11 1.60 0.11 0 .1 0 0.11 5 .3 3 6 .6 % 6 ,4 % 8 .0 % 1.6% 10 .3% 6.4 %
S ta n d a rd  1 3/2/01 0 .1 0 1.61 0.11 0 .1 0 0 .1 0 5 .3 2 4 .5 % 6 .8 % 5 .5 % 3 7% 4 .3 % 6.3 %
S ta n d a rd  2 3/2 /01 0 .2 0 2 .8 9 0 1 9 0 .2 0 0 .2 0 9 6 7 1 .7% 3.8% 2 .7 % 1 .3 % 1.1% 3 .4 %
S ta n d a rd  2 3/2 /01 0 .2 0 2 .9 0 0 .2 0 0 .2 0 0 .2 2 9 .6 4 0.0% 3 .4 % 0 .0 % 0 .0 % 1 1 .4 % 3.6 %
S ta n d a rd  3 3/2 /01 1 .0 0 15 .04 1.0 0 1.00 1.00 5 0 .1 8 0.4% 0 .3 % 0 .3 % 0 .3 % 0.2 % 0 .4 %
S ta n d a rd  3 3/2 /01 1 .0 0 15.11 1.00 1.01 1.04 5 0 .4 4 0.1% 0.7 % 0 .1 % 0 .7 % 3.9 % 0.9 %
S ta n d a rd  4 3/2 /01 1.9 9 3 0 .0 0 2  0 0 2 .0 0 2 0 2 1 0 0 .0 5 0 .5 % 0 .0 % 0  0% 0 .1 % 0,8 % 0.0 %
S ta n d a rd  4 3/2 /01 2.01 3 0 .2 2 2 .0 2 2.01 2 .0 6 1 0 0 .8 6  0 .6 % 0.7 % 1.1% 0 .6 % 2 .8 % 0.9%
W ithin a c c e p ta b le  r a n g e ?
Q C  S p e x 3/2/01 2  9 9 17.42 0 .7 8 3 .8 0 4 .3 4 2 1 .5 6 Y e s Y es Y e s >MDL Y es Y es
1/2 Q C  S p e x 3/2 /01 1 5 2 8 .4 9 0 .3 9 3 .8 9 2 .1 5 1 0 .6 5 Y e s Y es Y e s Y e s Y es Y es
1 /1 0  Q C  S p e x 3/2/01 0 .3 0 1 .83 0 .1 0 0 .9 0 0 .4 9 3 .1 4 Y e s Y es No Y e s No >MDL
L a b  B lank 3/2/01 0 ,0 0 0 ,4 6 0 ,0 0 0 0 0 0 .0 0 0 .0 0
L ab  B lank 3/2/01 0 .0 0 0 .4 6 0 .0 0 0.01 0 .0 0 0 .0 0
F ortified  L a b  B lank 3 /2 /0 1  ■ 0 .2 0 2 .9 0 0 ,2 0 0 .2 0 0 .2 2 9 6 8
% R e c o v e ry 9 8 .1 % 9 6 .5 % 100 .0% 9 9 .6 % 110 .7% 9 6  8%
S h e lb y 3/2 /01 0 .1 7 2 .3 7 0 .0 0 0 .3 0 -0 .0 6 4 .0 7
S h e lb y  sp ik e 3/2 /01 0 .3 4 5 .1 8 0 0 5 0 .6 3 0 .1 5 12 .5 4
%  rec o v e ry 9 3 .0 % 10 1 .4 % 2 6 .9 % 179 .4% 105 .7% 8 8 .8 %
6 7 4 7 9 3/2 /01 0 .1 1 2 .5 4 0 0 0 0 .4 6 -0 .11 4 .3 8
6 7 4 7 9  lab  d u p 3/2A31 0 .1 1 2 .5 4 0 .0 0 0 .4 6 -0 .0 9 4 .3 8
%  d iffe re n c e 1 .2 % 0.3% #DIV/0! 0 .2 % -18 .5 % 0.1 %
S a m p le  N am e Election D F Cl N 0 2 -N N 0 3 -N P 0 4 8 0 4 F Cl N 0 2 -N  N 0 3 -N  P 0 4 S 0 4
A u to ca l 1 3/5 /01 0 .1 1 .5 0.1 0.1 0.1 5
A u to c a l 2 3/5 /01 0 .2 3 0 .2 0 .2 0 .2 10
A u to c a l 3 3/5 /01 1 15 1 1 1 5 0
A u to ca l 4 3/5 /01 2 3 0 2 2 2 100
E x tern a l S ta n d a rd s W ith in  a c c e p ta b le  r a n g e ?
Q C  S p e x 3/5 /01 2 9 3 17 34 0 .7 7 3 .7 8 4 .2 5 2 1 .3 3 >MDL Y e s Y e s >MDL >MDL Y e s
1/2  Q C  S p e x 3 /5 /01 1 .5 0 8 .4 3 0 .3 8 3 .8 2 2 .0 9 10 5 5 Y es Y es Y e s >MDL >fi/IDL Y es
1/1 0  Q C  S p e x 3/5 /01 0 .3 0 1 82 0 .0 8 0 .8 8 0 .4 6 3 0 9 Y e s Y es <MDL Y e s Y e s <MDL
S ta n d a rd  R e a d b a c k s % d iffe re n c e  from  k n o w n  v a lu e
S ta n d a rd  1 3 /5 /01 0 .1 0 1.61 0.11 0 .1 0 0 .0 9 5 .2 7 2 .2 % 6 8 % 5 .9 % 0  1% 1 5 .0 % 5 .2 %
S ta n d a rd  1 3 /5 /01 0 .1 1 1.61 0.11 0  10 0 .0 9 5 .3 0 5 .4% 7 ,0 % 7 .5 % 0 .9 % 11 .3 % 5 .8 %
S ta n d a rd  1 3 /5 /01 0 .1 0 1.61 0.11 0 .1 0 0 .0 7 5 .2 8 2 .8% 7 2% 8 .9 % 1 .7 % 3 2 .4 % 5 .5 %
S ta n d a r d  2 3/5 /01 0 .2 0 2 .8 9 0 .2 0 0 .2 0 0 .2 0 9 .5 8 1.8% 3 .9 % 0 .7 % 1 .1 % 1.8% 4 .2 %
S ta n d a r d  2 3 /5 /0 1 0 .2 0 2 .9 0 0 .2 0 0 .2 0 0 2 1 9 .6 4 0.6% 3 .3 % 0 .4 % 0 .5 % 6 .0 % 3.6%
S ta n d a rd  2 3 /5 /01 0 .2 0 2.91 0 .2 0 0 .2 0 0 .1 9 9 .6 3 1.8% 3.0% 2 .3 % 0 ,5 % 4.1 % 3 .8 %
S ta n d a rd  3 3/5 /01 1.01 15 .0 4 1.01 1 .0 0 0 .9 9 5 0 .0 9 1.0% 0  3% 1,0% 0 ,3 % 0 .7 % 0 .2 %
S ta n d a rd  3 3/5 /01 1.0 2 15 0 8 1.02 1.01 1 01 5 0 .2 0 1.6% 0 .6 % 1.7% 0  9% 1 0% 0 .4 %
S ta n d a rd  3 3/5 /01 1.0 2 15 .1 4 1 .0 3 1.01 1.00 5 0 .2 5 2 ,2 % 0  9% 2 .8 % 1 4% 0 .2 % 0 .5 %
S ta n d a r d  4 3/5 /01 2  0 0 3 0 .0 8 1 .9 9 2 0 0 2 0 0 100 02 0 .2 % 0  3% 0 .6 % 0  2% 0 .2 % 0 .0 %
S ta n d a rd  4 3/5 /01 2 .0 2 3 0 .2 8 2 .0 2 2 .0 2 2 0 4 100 74 1.1% 0 .9 % 1.2% 1.0% 1 .8 % 0 .7 %
S ta n d a rd  4 3/5 /01 2 .0 3 3 0 .4 6 2 .0 5 2 .0 3 2 .0 5 1 0 1 .4 0 1 .6% 1.5% 2 .6 % 1.7% 2 .6 % 1.4%
B la n k s
L a b  B lan k 3/5 /01 0 ,0 0 0 .4 5 0 .0 0 0 .0 0 -0 .1 2 0 .0 0
L a b  B lank 3/5 /01 0 0 0 0 .4 5 0 .0 0 0.01 0 0 0 0 .0 0
L a b  B lank 3 /5 /01 0 .0 0 0 .4 5 0 .0 0 0 .0 0 -0 .1 4 0 .0 0
B lan k  3 /4/01 3 /5 /01 0 .0 0 0 ,5 0 0 .0 0 0.01 0 .0 0 0 .0 0
S p ik e s
L a b  B lank 3 /5 /01 0 .0 0 0 .4 5 0 .0 0 0 .0 0 -0 .1 2 0 .0 0
F ortified  L a b  B lank 3 /5 /01 0 .2 0 2 .8 8 0 .2 0 0 .2 0 0 .2 0 9 .5 8
%  R e c o v e ry 9 8 .2 % 9 5 .8 % 1 0 0 .7 % 9 8 .7 % 9 9 .0 % 9 5 .8 %
1 3 2 2 9 9  D 3/5 /01 0 .1 7 1.61 0 .0 0 0.3 7 0 .0 0 3 .9 4
1 3 2 2 9 9  D S p ik e 3/5 /01 0 .3 4 4 .1 9 0.21 0 .5 4 0 .1 3 1 2 .4 4
%  R e c o v e ry 9 5 .1 % 9 1 .4 % 1 0 6 .2 % 10 0 .2 % 6 2 .5 % 8 9 .0 %
6 7 4 2 1  9 :2 0 3 /5 /01 0 .1 4 2 .7 9 0 .0 0 1.57 0 .0 0 5 .4 4
6 7 4 2 1  9 :2 0  S p ik e 3 /5 /01 0.31 5.2 2 0.21 1.61 0 .1 3 1 3 .9 9
%  R e c o v e ry 9 3 .6 % 9 0 .3 % 10 6 .6 % 9 8 .8 % 6 3 .0 % 9 1 .0 %
D u p lic a te s
6 7 4 3 6 3 /5 /01 0 .1 0 1.37 0 .0 0 0 .0 5 -0 .1 3 3 .2 9
6 7 4 3 6  L a b  D u p 3 /5 /01 0 .1 0 1.3 6 0  0 0 0 .0 4 0 .0 0 3,31
%  d iffe re n c e 1 .0 % 0 .6 % #DIV/0! 6 .9 % # # # # # # 0 .7 %
12 1511 3 /5 /01 0 .1 2 1.50 0 .0 0 0 .0 6 0 0 0 3 .3 8
12 1511  L a b  D up 3 /5 /01 0  12 1.51 0 .0 0 0 .0 6 0 0 0 3 .4 0
%  d iffe re n c e 1 .4 % 1.0% #Div/or 2 .4 % #DIV /0l 0.3%
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Table D4 con tinu ed :
F Cl 
3/5/01 0.09 1.50
Original A nion Data




67512 3/5/01 0.13 1.57 0.00 007 0.00 3.88
120470 3/5/01 0.14 1 60 0.00 0 0 5 0.00 3.36
121924 3/5/01 0.11 1.56 0.00 0.07 0.00 3.75
128945 3/5/01 0.30 1.48 0.00 0.28 0.00 6.71
132298 3/5/01 O il 1.70 0 0 0 0,10 -0.11 4.25
158123 3/5/01 0.10 2.55 0.00 0.26 -0.13 5.17
161956 3/5/01 0.17 1.57 0.00 0.10 0.00 3.84
120470 A 3/5/01 0.14 1.62 0.00 0.09 0.00 3.68
132299 SP 3/5/01 0.18 1.58 0.00 0.37 0.00 3.92
132299 E 3/5/01 0.00 0.61 0.00 0.01 0.00 1.53
161956 A 3/5/01 0.12 1.57 0.00 0.11 0.00 3.68
BRIt/l 3/5/01 0 9 7 2.62 0.00 0.70 -0.13 8.25
Sample Name Date F Cl N02-N N03-N P04 S 04
Autocal 1 3/12/01 0.1 1.5 01 0.1 0.1 5
Autocal 2 3/12/01 0.2 3 0 2 0 2 0.2 10
Autocal 3 3/12/01 1 15 1 1 1 50
Autocal 4 3/12/01 2 30 2 2 2 100
External Standards
QC Spex 3/12/01 2.8984 17.478 0.7043 3.7634 4.118 21.467
1/2 QC Spex 3/12/01 1.4783 8.5373 0.3458 3.7976 2.0669 10.647
1/10 QC Spex 3/12/01 0.2964 1.8142 0.1053 0.888 0.4901 3.1357
Standard Readbacks
Standard 1 3/12/01 0.1021 1.5969 0.1114 0.1059 0.0959 5.3215
Standard 1 3/12/01 0.1033 1.5992 0.1159 0.1046 0.0699 5.3179
Standard 1 3/12ÆI1 0.1024 1.6121 0.1167 0.1105 0.0446 5.2691
Standard 2 3/12/01 0.1966 2.919 0.2008 0.2026 02076 9.7085
Standard 2 3/12/01 0.1951 2.9062 0.1903 0.1989 0.2037 9.6541
Standard 2 3/12/01 0.196 2.9414 0.2052 0.2056 0.2066 9.7594
Standard 3 3/12/01 1.0057 15.181 0.975 1.0156 1.0054 50.307
Standard 3 3/12/01 1.0058 15.017 1.0172 1.0036 0.9931 50.097
Standard 3 3/12/01 1.0123 15.136 1.0715 1.0147 1.0209 50.56
Standard 4 3/12/01 2.0058 30.006 2.0996 2.0136 2.0001 100.35
Standard 4 3/12/01 1.9958 29 918 2.0498 2.0046 1.9926 100.02
Standard 4 3/12/01 2.0029 29.972 2.159 2.0213 2.0173 100.59
Lab Blank 3/12/01 0 0.3889 0 0.0093 -0.119 0
Lab Blank 3/12/01 0 0 0 0.0086 0 0
Lab Blank 3/12/01 0 0 0 0.0107 -0.138 0
Spikes
Lab Blank 3/12/01 0 0.3889 0 0.0093 -0.119 0
Fortified Lab Blank 3/12/01 0.1956 2.9032 0.1943 0.1993 0.2063 9.67
% Recovery 97.8% 85.1% 97.2% 95.5% 156.8% 96.7%
159352 3/12/01 0.1196 1.3299 0 0.0605 -0.14 3.1075
159352 Spike 3/12/01 0.2949 39675 0.207 0.2483 0.1453 11.625
% Recovery 93.6% 92.4% 103.5% 97.0% 135.5% 88.3%
122444A 3/12/01 0.1395 1 8546 0 0.3932 0 4.0881
122444A Spike 3/12/01 0.3081 4.51 0.2104 0.5514 0.1297 12.746
% Recovery 91.3% 94.7% 105.2% 98.7% 64.9% 90.7%
Duplicates
167233 3/12/01 0.0961 1.7627 0 0.0433 0 3.5082
167233 Lab Dup 3/12/01 0.0917 1.7043 0 0.0405 0 3.5169
% Difference 4.7% 3.4% #DIV/0! 6 6% #DlV/0! 0.2%
67529 3/12/01 0.1208 1.6822 0 0.0931 -0,092 3.7452
67529 Lab Dup 3/12/01 0.1177 1.6458 0 0.092 0 3.7098
% Difference 2.6% 2.2% #DIV/0! 1.2% m m m 1.0%
Sample Name >llection D F Cl N02-N N03-N P 04 S 04
Autocal 1 4/30/01 0 0 5 1 0.05 0.05 0.05 2,5
Autocal 2 4/30/01 0.1 2 0,1 0.1 0.1 5
Autocal 3 4/30/01 0 5 10 0 5 0.5 0.5 25
Autocal 4 4/30/01 1 20 1 1 1 50
External S tandard
QC Spex 4/30/01 2 89 17.36 0.72 14.60 12.19 22,33
1/2 QC Spex 4/30/01 1 51 8.65 0,37 5 78 347 11 37
1/10 QC Spex 4/30/01 031 2.11 O il 0.89 0.47 3,66
Standard R eadbacks
Standard 1 4/30/01 0.07 1.51 00 7 0 08 0.11 3.79
Standard 1 4/30/01 0 0 8 1.52 0.07 0.08 0.10 3 78
Standard 2 4/30/01 0.12 2.33 0.12 0.12 0.15 5 93
Standard 2 4/30/01 0.13 2.35 0.12 0.12 0.16 5 85
Standard 3 4/30/01 0.52 10.04 0.52 0.51 0.49 25.02
Standard 3 4/30/01 0.52 10.09 0.55 0.52 0.52 25,22
Standard 4 4/30/01 1.01 19.93 1.07 1.00 1.01 50,15
Standard 4 4/30/01 1.04 20.09 1.08 1.03 1.08 50,44
N02-N N03-N P 04  S 04
Within acceptable range?
>MDL Yes Low >MDL >MOL Yes
Yes Yes Low >MOL >MDL Yes







2 .0% 2 .0% 
0 .6% 1.2%  




0 . 1% 0 .1%
known value 
10.8% 5.7% 
14.7% 4 5% 
15.4% 9 9% 
0.4% 13%
5.0% 




















































Yes Yes >I\/IDL >MDL Yes
Yes Yes >IVIDL >MDL Yes
Yes No Yes Yes No
% difference from known value; 
40.9% 39.6% 42.0% 72.6% 41.0%
41.4% 38 8% 42.5% 68.0% 40.9%
15 3% 17.1% 18.8% 41.4% 17 0%
16.1% 17.5% 20.1% 43.6% 15.6%
0,4% 3.4% 1.4% 1.3% 0 1%
0.9% 8.9% 3.0% 4.1% 0.9%
0.3% 6.7% 0.5% 1.4% 0 3%
0.4% 7.4% 3.3% 7.6% 0 9%
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Table D4 co n tinued : Original Anion Data
Blanks F Cl N02-N N03-N P04 S 04
Lab Blank 4/30/01 0.00 0 75 0 0 0 0.04 0.05 1.98
Spikes
Lab Blank 4/30/01 0.00 0.75 0.00 0.04 0.05 1.98
FoUified Lab Blank 4/30/01 0.12 2.33 0.12 0.12 0.15 5,89
% Recovery 120.5% 116.5% 118.3% 119.0% 147.3% 117.9%
675301 042901 4/30/01 0.15 1.93 0.00 0.10 0.00 4.51
675301 042901 Spike 4/30/01 0.23 3.50 0.13 0.18 0.11 831
% Recovery 94.1% 88.5% 125.6% 90.5% 108.0% 85.2%
D uplicates
144642 042901 4/30/01 0.12 4.31 0.00 0.48 0.05 10.56
144642 042901 Lab Dup 4/30/01 0 12 4.35 0.00 0.48 0 0 0 10.53
% Difference 1.6% 0.9% #DIV/0! 0.3% 200.0% 0.2%
124622 042901 4/30/01 0.12 3.67 0.00 0.59 0.00 12.15
145878 042901 4/30/01 0.13 2,96 0 0 0 0.49 0.00 4 87
67460 042901 4/30/01 0.11 2 38 0.00 0.22 0.05 4 4 8
67466 042901 4/30/01 0,12 3.85 0.00 0.40 0.00 9.05
67530 042901 4/30/01 0.12 2.08 0 0 0 0.12 0.00 4.64
FB 042901 4/30/01 0.00 0.75 0 0 0 0 0 4 0.05 0.00
Lab Blank 4/30/01 0.00 0.00 0.00 0.00 0.00 0.00
Sample Name 'llection D F Cl N02-N N03-N P 04 S 0 4  F Cl N02-N N03-N P 04 S 04
Autocal 1 6/14/01 0.05 1 0.05 0.05 0.05 2.5
Autocal 2 6/14/01 0.1 2 0.1 0.1 0 1 5
Autocal 3 6/14/01 0.5 10 0.5 0.5 0.5 25
Autocal 4 6/14/01 1 20 1 1 1 50
External Standard Witfiin acceptable range?
Old QC SPEX 6/14/01 1.9644 11.58 0.7701 -2.102 6.724 22 312 >MDL Low Yes >MDL >MDL Yes
Old 1/2 QC SPEX 6/14/01 1.3546 5.6708 0.3785 2.7629 2.4333 10.801 >MDL Low Yes >MDL >MDL Yes
Old 1/10 QC SPEX 6/14/01 0.2981 1.1955 0.0714 08729 0.4733 2.5392 Yes Yes Yes Yes Yes Yes
Standard Readbacks % Difference from known value:
Standard 1 6/14/01 0.0536 1.0414 00478 0.0501 0,1076 2.7525 7.0% 4.1% 4 5% 0.2% 73.1% 9.6%
Standard 1 6/15/01 0.0508 1.0572 0.0514 0.051 0.0626 2 7005 1.6% 5.6% 2.7% 1.9% 22.4% 7.7%
Standard 1 6/15/01 0.0513 1.0563 0.0502 0.0507 0.0666 2.6929 2.6% 5.5% 0.4% 1.4% 28.4% 7.4%
Standard 1 6/15/01 0.0527 1.0454 0.0485 0.0541 0.0831 2.7195 5.3% 4.4% 3.1% 7.9% 49.8% 8.4%
Standard 2 6/14/01 0.102 1.9386 0.1002 0.0993 0.1669 4.8998 2.0% 3.1% 0.2% 0.7% 50.1% 2.0%
Standard 2 6/15/01 0.0995 1.9411 0.097 0.1 0.1323 4.8403 0.5% 3.0% 3.0% 0.0% 27.8% 3.2%
Standard 2 6/15/01 0.1018 1.9462 0.1001 0.1003 0.1342 4.8507 1.8% 2.7% 0.1% 0.3% 29.2% 3.0%
Standard 2 6/15/01 0.1019 1.9513 0.1002 0.1008 0.162 4.8863 1.9% 2.5% 0.2% 0.8% 47.3% 2.3%
Standard 3 6/14/01 0.5048 10.023 0.5008 0.4993 0.5321 25.098 0.9% 0.2% 0.2% 0.1% 6.2% 0.4%
Standard 3 6/15/01 0.5076 10.063 0.5005 0.5001 0.5353 25.15 1.5% 0.6% 0.1% 0.0% 6.8% 0.6%
Standard 3 6/15/01 05031 10.076 0.5 0.5034 0.5392 25.198 0.6% 0.8% 0.0% 0.7% 7.5% 0.8%
Standard 3 6/15/01 0.5045 10.082 0 4994 0.5069 0.5445 25.198 0.9% 0.8% 0.1% 1.4% 8.5% 0.8%
Standard 4 6/14/01 1.0016 20 1.0017 1.0022 1.0237 50.04 0.2% 0.0% 0.2% 02 % 2.3% 0.1%
Standard 4 6/15/01 1.0078 20.101 1.0097 1.0055 1.0403 50.184 0.8% 0.5% 1.0% 0.5% 3.9% 0.4%
Standard 4 6/15/01 1.0064 20 108 1.0081 1.0052 1.0489 50.222 06% 0.5% 0.8% 0.5% 4.8% 0.4%
Standard 4 6/15/01 1.0147 20.216 1.014 1.0134 1.0575 50.457 1.5% 1.1% 1.4% 13% 5.6% 0.9%
Blanks
Lab Blank 6/15/01 0 0.2931 0 0 0.0394 0
Lab Blank 6/15/01 0 0.2917 0 0 0 0
FB 061401 6/15/01 0 0.3408 0 0.0089 0 0.7879
Lab Reagent Blank 6/14/01 0 0 0 0 0 0
Spikes
Lab Reagent Blank 6/14/01 0 0 0 0 0 0
Lab Fortified Blank 6/14/01 0.1026 1.9336 0.0997 0.0987 0.1924 4.9142
% Recovery 102.6% 96.7% 99.7% 98.7% 192.4% 98.3%
65992 061401 6/15/01 1.056 2.0772 0 0.087 0 12.635
65992 061401 Spike 6/15/01 1 0381 3.9284 0.1028 0.1786 0.0889 16.685
% Recovery 87.7% 102.9% 102.8% 100.3% 88.9% 106.3%
Duplicates
138289 061401 6/15/01 1.2777 15.45 0 2.3383 0 13.589
136289 Lab Dup 6/15/01 1.2926 15 868 0 2.4027 0 13.72
% Difference 1.2% 2.7% #DIV/OI 2.7% #DIV/OI 1.0%
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Table D4 con tinued : Original Anion Data
S a m p le  N am e illection D F Cl N 0 2 -N N 0 3 -N P 0 4 S 0 4  F Cl N 0 2 -N  N 0 3 -N  P 0 4 S 0 4
A utoca l 1 6/15 /01 0 .0 5 1 0 .0 5 0 .0 5 0 .0 5 2  5
A utoca l 2 6 /15/01 0.1 2 0.1 0.1 0.1 5
A utoca l 3 6/15 /01 0 .5 10 0 .5 0 .5 0 .5 25
A utoca l 4 6 /15/01 1 20 1 1 1 5 0
W ithin a c c e p ta b le  r a n g e ?
O ld Q C  S p e x  1-15 6/15 /01 1 .7 8 7 8 1 1 .5 6 9 0 .7 7 0 4 -2 .9 6 3 6 .3 1 1 8 2 2 .2 8 1  >MDL Low Y es >MDL >MDL Y es
O ld 1/2 Q C  S p e x  1 -1 5 6/15 /01 1 3 3 3 5 .6 6 6 6 0 .3 8 0 4 2  5 8 7 7 2 .3 6 7 5 1 0 .6 5  >MDL Low Y es >MDL >MDL Y e s
O ld 1 /1 0  Q C  S p e x  1-15 6/15 /01 0 .3 0 0 9 1 .2 0 2 9 0 .0 7 4 8 0 .8 7 0 3 0 .4 2 6 4 2.4 1 0 1  Y es Y e s Y es Y es Y e s Y e s
2X  Q C S p ex  AI 6/15 /01 1 .6 3 3 2 3 .2691 2 .0 9 7 7 2 .2 7 1 3 8 .2 7 7 3 15.141 >lt1DL Y e s >MDL >MDL >MDL Y es
Q C  S p e x  AI 6/15 /01 0.9921 1 .6 5 6 7 1 1 7 7 2 1 .2 8 5 5 2 9 1 0 2 7.2 7 4 1  Y es Y e s >MDL >MDL >MDL Y es
1/2 Q C  S p e x  AI 6 /15 /01 0 .5 0 6 4 0 .9 2 8 5 0 .5 9 9 8 0 6 4 6 2 1.2191 3 .7 5 5 8  Y es Y e s Y e s Y es Y e s Y es
% d iffe re n c e  from  k now n value:
S ta n d a rd  1 6/15/01 0 .0 5 3 6 1 .0 6 7 3 0 0 5 3 1 0 .0 5 0 5 0 .0 5 3 3 2 .6 6 2 8  7 .0% 6.5 % 6  1% 0.9% 6 .4 % 6 .3 %
S ta n d a rd  1 6/15/01 0 0 5 0 8 1 .0 6 7 4 0 0 5 3 5 0 0 5 1 8 0 .0 0 4 2 .5 8 0 8  1.7% 6  5% 6 .7 % 3.5% # # # # #  3 .2 %
S ta n d a rd  1 6/15/01 0 .0 5 0 3 1 0 6 7 0 .0 5 3 4 0 .0 5 0 9 0 .0 2 0 8 2 .5 8 7 8  0 .7% 6 .5 % 6 .6 % 1 7 % 82 .4 % 3 .5 %
S ta n d a rd  1 6/15/01 0 .0 5 1 1 1 .0 7 2 3 0 .0 5 2 7 0 .0 5 2 6 0 .0 2 7 2 2 .6 1 8 8  2 .1% 7.0% 5 .2 % 5 .0 % 5 9 .1 % 4 .6 %
S ta n d a rd  1 6/15/01 0 .0 5 0 7 1 0 7 0 5 0  0 5 3 0 .0 5 0 4 0 .0 2 4 1 2 .6 1 9 7  1.3% 6 .8 % 5.8% 0 .8 % 6 9 .7 % 4 .7 %
S ta n d a rd  2 6/15/01 0 .1 0 2 5 1 9 4 7 8 0 .1 0 2 2 0 .1 0 0 2 0 .1 1 5 9 4 .8 0 2 8  2 .4% 2 .6 % 2 .2 % 0 .2 % 14.7% 4 .0 %
S ta n d a rd  2 6/15/01 0 .0 9 8 6 1 9 5 0 7 0 .1 0 1 7 0 .0 9 9 3 0 .0 8 3 1 4 .7 5 5 2  1.4% 2.5% 1.7% 0 .7 % 18.4% 5.0%
S ta n d a rd  2 6 /15 /01 0 .0 9 9 4 1 9 4 9 3 0 .1 0 0 6 0 .0 9 9 8 0 .0 9 5 7 4 .7 5 0 7  0 .6% 2.6% 0 .6 % 0 .2 % 4 .4 % 5.1%
S ta n d a rd  2 6 /15 /01 0 .0 9 9 2 1 9 5 2 2 0.1021 0  1 0 0 6 0 0 9 7 3 4 .7 5 6  0 .8% 2.4% 2.1% 0 .6 % 2 .7 % 5.0%
S ta n d a rd  2 6/15/01 0 .0 9 9 2 1 .9 5 8 8 0.101 0.101 0  1058 4 .7 9  0 .8% 2.1% 1.0% 1.0% 5 .6 % 4.3%
S ta n d a rd  3 6/15/01 0 .5 0 4 3 1 0 .0 0 9 0  5 0 2 2 0 .5 0 0 1 0 .5 0 0 9 2 5  0 6 2  0  8% 0 .1 % 0 .4 % 0 .0 % 0 .2 % 0.2%
S ta n d a rd  3 6/15/01 0 .5 0 3 4 1 0 .0 2 5 0 .5 0 1 2 0 .5 0 1 4 0 .5 0 5 1 2 5 .1 0 6  0 .7% 0 .2 % 0 .2 % 0 3 % 1.0% 0.4%
S ta n d a rd  3 6/15/01 0 .5 0 5 5 10 .031 0 .5 0 1 8 0 .5 0 2 4 0 .5 0 3 9 2 5 .0 8 8  1.1% 0 .3 % 0 .4 % 0 .5 % 0 .8 % 0.4%
S ta n d a rd  3 6/15/01 0 5 0 5 5 1 0 0 4 8 0 .5 0 4 5 0 .5 0 4 3 0 .5 0 7 2 2 5 .1 4 4  1 .1% 0 .5 % 0 .9 % 0.9% 1 .4% 0 .6 %
S ta n d a rd  3 6/15/01 0 .5 0 8 1 0 ,0 6 0  5001 0 .5 0 4 8 0 .5 1 6 5 2 5 .1 7 7  1 .6% 0 .6 % 0 .0 % 0 .9 % 3 .2 % 0  7%
S ta n d a rd  4 6/15/01 1 .0 0 2 4 2 0 .0 4 2 1 .0 0 0 3 0 .9 9 9 9 1 .0 0 0 7 5 0 .0 8 9  0 .2 % 0 .2 % 0.0% 0.0% 0 .1 % 0 .2 %
S ta n d a rd  4 6 /15«)1 1 .0 0 6 4 20 .1 2 1 1 .0 0 1 9 1 .0021 1 .0 1 5 8 5 0 .2 1 2  0 .6 % 0 6 % 0 .2 % 0.2% 1.6% 0 4 %
S ta n d a rd  4 6 /15 /01 1 .0 0 5 7 2 0 .0 8 0 .9 9 7 6 1 .0 0 1 3 1 .0 2 2 5 0 .1 7 6  0 .6 % 0 4 % 0 .2 % 0 .1 % 2 .2 % 0 .4 %
S ta n d a rd  4 6 /15 /01 1 .0 0 3 9 20 .1 1 1 1.001 1 .0 0 4 2 1 .0251 5 0 .2 3 5  0 .4 % 0 .6 % 0 .1 % 0 .4 % 2 .5 % 0 .5 %
S ta n d a rd  4 6/15«D1 1 .0 0 6 4 2 0 .1 4 9 1 .0 0 4 5 1 .0 0 6 6 1 .0 3 8 9 5 0 .4 8 3  0  6% 0 7 % 0 .4 % 0 .7 % 3 .8 % 1.0%
B lanks
L ab  B lank 6 /15 /01 0 0 .3 0 7 2 0 0 .0 0 5 8 0 0
L ab  B lank 6 /15 /01 0 0 .3 0 4 8 0 0 0 0
L ab  B lank 6 /15 /01 0 0 .3 0 9 2 0 0 0 0
L ab  B lank 6/15/01 0 0.31 0 0 .0 0 5 2 0 0 .6 5 9 4
L ab  B lank 6 /15 /01 0 0 .3 0 8 2 0 0 0 0
S p ik e s
L ab  B lank 6/15/01 0 0 .3 0 7 2 0 0 .0 0 5 8 0 0
F ortified  L ab  B lank 6 /15 /01 0 .1 0 1 2 1 .9 2 2 5 0 .1 0 0 3 0 .0 9 9 4 0  1 1 4 3 4 .7 6 1 5
%  R e c o v e ry 1 0 1 .2 % 8 2 .3 % 10 0 .3 % 9 4 .2 % 1 1 4 .3 % 9 5 .2 %
6 7 4 1 6  0 6 1 4 0 1 6 /15 /01 0 .1 5 2 0 .6 4 3 3 0 0 .1 6 5 8 0 3 .2 6 0 3
6 7 4 1 6  0 6 1 4 0 1  S p ik e 6 /15 /01 0 .2 4 3 1 2 .4 6 8 5 0 .1 1 4 8 0 .2 4 7 1 0 .0 3 6 1 7 .5 5 7 9
% R e c o v e ry 1 0 6 .3 % 9 4 .5 % 11 4 .8 % 9 7 .9 % 3 6 .1 % 9 2 .5 %
132821  0614 0 1 6 /1 5 /0 1 0 .2 9 8 7 4 .8 5 7 8 0 2 .6 2 4 2 0 1 1 .6 9 4
132821 0 6 1 4 0 1  S p ik e 6/15/01 0 .3 7 0 8 6 .3 8 3 4 0 .1 2 9 5 2 .5 8 9 3 0 .0 1 4 4 1 5 .5 9 6
%  R e c o v e ry 1 0 2 .0 % 1 0 0 .6 % 12 9 .5 % 2 2 7 .5 % 14.4% 101 4%
1/5 132821  0614 0 1 6 /15 /01 0 .0 4 9 8 1.0451 0 0 .7 5 0 7 0 2 .5 2 5 5
/5  132821  0 6 1 4 0 1  S p ik e 6 /1 5 /0 1 0 .1 4 0 2 2 .7 9 8 0 .1 0 4 0 .7 7 7 6 0  0 4 0 4 6 .7 8 9 8
%  R e c o v e ry 9 5 .3 % 9 2 .9 % 1 0 4 .0 % 1 0 1 .9 % 4 0 .4 % 9 0 .3 %
1/2 6 7 4 3 8  0 6 1 4 0 1 6 /1 5 /0 1 0 .5 9 9 3 0 .7 8 3 0 0 .0 5 9 5 0 7 .2 7 9 4
1/2 6 7 4 3 8  0 6 1 4 0 1  S p ik e 6 /1 5 /0 1 0 .6 3 0 3 2 .5 0 7 2 0 1 0 0 7 0 .1 5 4 2 0 .0 2 2 4 1 1 .5 4 4
%  R e c o v e ry 9 0 .9 % 9 0 .1 % 1 0 0 .7 % 1 0 0 .7 % 2 2 .4 % 9 9 .8 %
D u p lica te s
1/4 1 8 3 1 2 9  0 6 1 4 0 1 6 /15 /01 0 .2 4 4 7 0 .9 5 2 4 0 0 .6 9 0 8 -0 .0 5 9 2 .0 5 9 9
1 8 3 1 2 9  0 6 1 4 0 1  L ab  D u p 6 /15 /01 0 ,2 5 1 1 0 .9 4 9 4 0 0 .6 8 8 8 0 2 .0 6 0 2
%  D iffe ren ce 2 ,6 % 0 .3 % #DIV/0! 0 .3 % m m m 0 .0 %
1 5 6 4 7 2  0 6 1 4 0 1 6 /15 /01 1 .2 0 8 2 2  5 2 4 2 0 0 .0 5 3 4 0 1 4 .8 2 6
1 5 6 4 7 2  0 6 1 4 0 1  L ab  D up 6 /1 5 /0 1 0 .8 0 6 3 1 .9 9 5 3 0 0 .0 5 3 7 0 1 4 .6 9 9
%  D iffe ren ce 3 9 .9 % 2 3 .4 % #D IV /0l 0 .6 % #D IV /0l 0 .9 %
1 6 6 0 3 5  0 6 1 4 0 1 6 /15 /01 1 .7 7 2 2 ,6 8 4 3 0 0 0 3 1 .9 5 8
1 6 6 0 3 5  0 6 1 4 0 1  L ab  D up 6 /1 5 /0 1 1 .7 6 8 2 .4 7 4 5 0 0.0051 0 3 2 .0 1 6
%  D iffe ren ce 0 2 % 8 .1 % #DIV/0! 2 0 0 .0 % #DIV/OI 0 .2 %
6 5 9 9 2 D  0 6 1 4 0 1 6 /15 /01 1 .0 9 3 9 2 .1 9 9 1 0 0 .0 8 6 0 12.551
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Table D4 co n tinued : Original Anion Data
S a m p le  N am e D a te F Cl N 0 2 -N N 0 3 -N P 0 4 S 0 4 F Cl N 0 2 -N  N 0 3 -N  P 0 4 S 0 4
A u to ca l 1 6 /1 9 /0 1 0 .0 5 1 0 .0 5 0 .0 5 0 .0 5 2 5
A utoca l 2 6 /1 9 /0 1 0.1 2 0  1 0.1 0,1 5
A u to ca l 3 6 /1 9 /0 1 0 .5 10 0 .5 0 ,5 0 .5 2 5
A u to ca l 4 6 /1 9 /0 1 1 2 0 1 1 1 5 0
E x te rn a l S ta n d a rd s W ith in  a c c e p ta b le  r a n g e ?
2X  Q C  S p e x  AI 6 /1 9 /0 1 1.361 4 .9 7 2 .0 8 4 4 2.2141 7 .0 7 3 9 1 5 .3 0 6 >MDL Y e s >MDL >MDL >MDL Y es
Q C  S p e x  AI 6 /1 9 /0 1 0 .9 9 3 9 2 .4 1 3 7 1 .2 0 0 5 1.2541 2 .7 8 4 7 7 .2 7 4 4 Y es Y e s >MDL >MDL >MDL Y es
1/2 Q C  S p e x  AI 6 /1 9 /0 1 0 .5 3 5 1 .2 7 2 7 0 .6 2 2 4 0 .6 3 8 5 1 .2 5 0 8 3 .7 3 8 2 Y es Y e s Y e s Y e s Y e s Y es
Q C  S p e x  1 -1 5 6 /1 9 /0 1 0 .9 7 1 3 1 7 .6 2 2 0 .8 0 0 7 -3 .791 5 6 4 6 5 2 2 .6 0 5 Low Y e s Y e s >MOL >M DL Y es
S ta n d a rd  R e a d b a c k s %  d iffe re n c e  from  kn o w n  v a lu e :
S ta n d a rd  1 6 /1 9 /0 1 0 0 4 9 7 1 0 6 8 5 0 .0 5 1 6 0  0 5 1 4 0 .0 4 7 4 2 .6 2 7 9 0 .6 % 6 .6 % 3 .1 % 2 .7 % 5 .3 % 5 ,0 %
S ta n d a rd  1 6 /1 9 /0 1 0 .0 4 7 1.061 0 .0 4 9 3 0 0 5 0 .0 0 4 3 2 .5 8 9 6 .1 % 5 .9 % 1.3% 0 .1 % m m # 3  5%
S ta n d a rd  2 6 /1 9 /0 1 0 .1 0 2 6 1 .9 2 7 6 0 .1 0 0 9 0 .0 9 7 8 0 .1 0 5 2 4 .7 9 1 1 2 .6 % 3 .7 % 0 .9 % 2 .2 % 5 .0 % 4  3%
S ta n d a rd  2 6 /1 9 /0 1 0 .1 0 6 3 1 .9 4 1 8 0 .0 9 9 1 0 .0 9 8 7 0.101 4 .7 9 3 3 6 .1 % 3 .0 % 0 .9 % 1.3% 1.0% 4 .2 %
S ta n d a rd  3 6 /1 9 /0 1 0 .5 2 9 1 1 0 ,0 2 0 .5 0 1 1 0 .4 9 7 7 0 .4 9 3 4 2 5 .0 6 4 5 .7 % 0 .2 % 0 .2 % 0 .5 % 1.3% 0 .3 %
S ta n d a rd  3 6 /1 9 /0 1 0 .5 5 1 1 1 0 .1 0 7 0 .5 0 7 3 0 .5 0 2 0 .5 0 2 7 2 5 .1 8 9 9 .7 % 1 .1 % 1 .5% 0 .4 % 0 .5 % 0 .8 %
S ta n d a rd  4 6 /1 9 /0 1 0 .9 9 6 4 2 0 .0 3 5 0 .9 9 4 6 0 .9 9 9 7 1 .0 0 6 8 5 0 .0 6 4 0 .4 % 0 .2 % 0 .5 % 0 .0 % 0 .7 % 0 .1 %
S ta n d a rd  4 6 /1 9 /0 1 1 .0 0 7 4 2 0 .1 9 1 1 .0 0 6 9 1.0091 1 .0 1 8 9 5 0 .3 7 9 0 .7 % 0 .9 % 0 .7 % 0 .9 % 1.9% 0 .8 %
B lanks
L ab  B lank 6 /1 9 /0 1 0 0 .2 7 4 3 0 0 -0  0 6 4 0 .5 8 0 4
L ab  B lank 6 /1 9 /0 1 0 0 .2 7 9 4 0 0 0 0
FB 0 6 1 8 0 1 6 /1 9 /0 1 0 0 .2 9 0 1 0 0 ,0041 -0 .081 0
S p ik e s
L ab  B lank 6 /1 9 /0 1 0 0 .2 7 9 4 0 0 0 0
F ortified  L ab  B lank 6 /1 9 /0 1 0 .1 0 2 8 1 .8 9 7 0 .0 9 7 7 0 .1 0 0 1 0 .1 2 1 3 4 .7 6 3 3
%  R e c o v e ry 102 .8 % 8 2 .3 % 9 7 .7 % 1 0 0 .1 % 1 21 .3% 9 5 .3 %
LC H e n d  0 6 1 8 0 1 6 /1 9 /0 1 0 .0 5 3 2 0 .9 1 2 8 0 0 .0 1 1 8 0 2 .0 2 3 2
LC H e n d  0 6 1 8 0 1  S p ik e 6 /1 9 /0 1 0  1 6 4 5 2 .6 5 3 5 0 .1 0 3 1 0 .1 0 7 4 0 .0 2 2 6 6 .3 3 3 7
%  R e c o v e ry 1 1 6 .6 % 91 6 % 1 0 3 .1 % 9 6 .8 % 2 2 .6 % 9 0 .3 %
D u p lica te s
L C R d  0 6 1 8 0 1 6 /1 9 /0 1 0 .0 5 4 6 0 .9 2 3 6 0 0 .0 0 6 -0 .0 5 4 2 .0 4 8 3
LC R d  0 6 1 8 0 1  L ab  D up 6 /1 9 /0 1 0 .0 5 2 0 .9 7 7 2 0 0 .0 0 6 4 0 2 .0 2 6 8
%  D iffe ren ce 5 .0 % 5 .6 % #DIV/0! 6 .7 % m m m 1 .1%
LC 9 3  0 6 1 8 0 1 6 /1 9 /0 1 0 .0 5 7 3 0 .9 1 5 4 0 0 .0 0 6 7 0 2 .0651
LC 9 3  d u p  0 6 1 8 0 1 6 /1 9 /0 1 0  0 5 4 7 0 .9 1 5 7 0 0 .0 0 7 3 0 2 0 3 6 8
% D iffe ren ce 4 .7 % 0 .0 % #DIV/0! 8 .3 % #DIV/OI 1.4%
S a m p le  N a m e  (illection D F Cl N 0 2 -N N 0 3 -N P 0 4 S 0 4 F Cl N 0 2 -N  N 0 3 -N  P 0 4 S 0 4
a u to c a t  1 7 /1 8 /0 1 0 0 5 1 0 .0 5 0 .0 5 0 2 .5
a u to c a l  2 7 /1 0 /0 1 0.1 2 0.1 0.1 0 5
a u to c a l  3 7 /1 3 /0 1 0 .5 10 0 .5 0 .5 0 .5 2 5
a u to c a l  4 7 /1 8 /0 1 1 2 0 1 1 1 50
W ith in  a c c e p ta b le  r a n g e ?
Q C  s p e x  AI 7 /1 8 /0 1 0 .9 7 1 4 2 .3 7 6 7 1 .1 2 0 5 1.2501 1 .6 8 3 4 7 .1 5 9 5 Y e s Y e s >MDL >MDL N o Y e s
1 /2  Q C  s p e x  At 7 /1 8 /0 1 0 .4 8 7 6 1 .2691 0 .5 7 0 8 0 .6 3 6 6 1 .2 7 1 3 3 .6 4 5 3 Y e s Y e s Y e s Y e s >MDL Y es
1/2 ALLTECH ICAL 7/1 8 /0 1 -1 .6 6 4 1 9 .8 6 8 2 .9 3 2 3 2 .3 8 6 9 -5 .5 6 8 19.751 No Y e s >MDL >MDL N o Y e s
%  d iffe re n c e  from  k now n va lu e :
S ta n d a rd  1 7 /1 8 /0 1 0 .0 5 1 8 1 .0 7 4 4 0 .0 5 0 8 0 .0 5 0 9 0 2 .6 3 0 6 3 .5 % 7 .2 % 1.5% 1.8% 5 .1 %
S ta n d a rd  1 7 /1 8 /0 1 0 .0 4 9 7 1 .0 7 9 5 0 .0 4 3 4 0 0 5 2 1 0 2 .5 4 5 6 0 .5 % 7 .6 % 14 .1 % 4 .2 % 1.8%
S ta n d a rd  1 7 /1 8 /0 1 0 .0 5 1 9 1 .0 6 8 7 0 .0 5 0 5 0 .0 5 1 7 0 2 .6 1 2 5 3 .7 % 6 .6 % 1.0% 3 .3 % 4 .4 %
S ta n d a rd  2 7 /1 8 /0 1 0 .0 9 4 5 1 .9 3 0 2 0 .0 9 8 4 0 .1 0 1 2 0.0881 4 .7 3 2 7 5 .7 % 3 .6 % 1.6% 1.2% 5 .5 %
S ta n d a rd  2 7 /1 8 /0 1 0 .0 9 2 8 1 .9 0 5 9 0 .1 0 0 1 0.1 0 4 .7 8 8 8 7 .4 % 4 .8 % 0 .1 % 0  0% 4 .3 %
S ta n d a rd  2 7 /1 8 /0 1 0 .0 9 4 6 1 .9 1 5 7 0 .1 0 0 4 0.101 0 .0 7 2 3 4 .7 2 6 1 5 .5 % 4 .3 % 0 .4 % 1.0% 5 6 %
S ta n d a rd  3 7 /1 8 /0 1 0 .5 0 8 2 1 0 .0 4 4 0 .5 0 3 2 0 .5 0 2 2 0.5251 2 5 .0 8 1 1 6 % 0 4 % 0 .6 % 0 .4 % 4 .9 % 0 .3 %
S ta n d a rd  3 7 /1 8 /0 1 0 .5 1 5 8 1 0 .0 3 0 .5 1 7 3 0 .5 0 8 4 0 .5 1 0 9 2 4 ,9 0 1 3  1% 0 3 % 3 .4 % 1.7% 2  2% 0 .4 %
S ta n d a rd  3 7 /1 8 /0 1 0 .5 0 8 4 1 0 .0 6 8 0 .5 0 4 4 0 .5 0 5 4 0 .5 3 0 6 2 5 .0 1 1 1.7% 0 .7 % 0 .9 % 1,1% 5 ,9 % 0 .0 %
S ta n d a rd  4 7 /1 8 /0 1 0 .9 8 8 1 1 9 .9 7 7 1 1.001 1 .0107 4 9 .9 9 5 1.2% 0 .1 % 0 .0 % 0 .1 % 1,1% 0 .0 %
S ta n d a rd  4 7 /1 8 /0 1 0 .9 9 1 3 2 0 .0 4 5 1 .0 0 9 2 0 9 9 3 6 0 .9 8 2 5 5 0 .0 0 2 0 .9 % 0 .2 % 0 .9 % 0 .6 % 1.8% 0 .0 %
S ta n d a rd  4 7 /1 8 /0 1 1 2 0 .1 0 9 1 .0 0 3 3 1 .0 0 2 1 .0 0 5 4 5 0 .1 7 6 0 .0 % 0 .5 % 0 .3 % 0 .2 % 0 .5 % 0 4 %
S ta n d a rd  4 7 /1 8 /0 1 0 .9 8 2 8 1 9 .9 1 7 0 .9 9 2 7 0 .9 9 7 1 0 .9 5 4 8 4 9 .9 0 4 1.7% 0 .4 % 0 .7 % 0 .3 % 4 .6 % 0 .2 %
B lan k s
BLANK 7 /1 8 /0 1 0 0 .2 9 4 9 0 0 -0 .0 7 6 0
L ab R e a g e n t  B lank 7 /1 8 /0 1 0 0 .2 9 3 7 0 0 0 0
LB 7 /1 8 /0 1 0 0 .2 9 2 6 0 0 0 0
FB 7/1 8 /0 1 0 0 .3 0 8 6 0 0 0 0
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S p ik e s  
Lab R e a g e n t  Blank 
L ab F o rtified  Blank 
%  R e c o v e ry  
LB 
LFB
%  R e c o v e ry  
LB 
LFB
%  R ec o v e ry  
LMWO 
LM W D sp ik e  
% R eco v ery  
1 2 2 4 4 3  
1 2 2 4 4 3  SPIK E
L ab  D u p lica te s  
p u m p co  
p u m p c o  LD 
%  D iffe ren ce  
F S  # 5  
F S  # 5  LD 
% D iffe ren ce  
F ield  
s to u t 
s to u t  d u p  
% D iffe ren ce













0 .0 9 8 6
9 8 .6 %
0
0 .0 9 6
9 6 .0 %
0
0 .0 9 4 8  
9 4  8 %  
0 .1 6 0 8  
0 .2 4 4 1  
9 9 .3 %  
0 .1 5 7 1  
0 .2 4 2  
100 .6 %
Cl 
0 .2 9 3 7  
1 .9 3 6 6  
96 .8 %  
0 .2931  
1 .9 2 9 8  
9 6 .5 %  
0 .2 9 2 6  
1 .9 5 0 3  
9 7 .5 %  
3 .8 9 3 6  
5 .5 8 7 9  
104 .2%  
1 5 4 2 4  
3 2 4 8 7  
9 3 .0 %
N 0 2 -N
0
0 .1 0 1 5
1 0 1 .5 %
0
0 .0 9 9 8
9 9 .8 %
0
0 .1 0 1 5
101 .5 %
0





N 0 3 -N
0
0 .1 0 3 2
103 .2%
0




103 1%  
1 .9 4 3 2  
1 .8 6 8 5  
11 9 .5 %  
0 .1 4 6 9  
0 .2 3 1 9  
9 9 .7 %
P 0 4
0
0 .1 0 0 4
#DIV/OI












7 /18 /01  0 .2 4 5  5 .3 3 3 9  0  1 .9 0 4 6  0
7 /18 /01  0 .2 4 1 5  5 .3 0 7 8  0  1 .8 9 8 8  0
1 .5 %  0 .5 %  #DIV/Ot 0 .3 %  #DIV/0!
7 /18 /01  0 .0 9 4 8  1 .7 2 2  0  0 .1 4 1 9  0
7 /18 /01  0 .0 9 5  1 7 1 3 4  0  0 .1 4 2 8  0
0 .3 %  0 .5 %  #DIV /0! 0 .7 %  #DIV/0!
7 /18 /01  0 .0 8 9 5  3 .7 0 8 9  0  0 .7 5 4 5  0
7 /18 /01  0 .0 8 9 1  3 7 0 2 2  0  0 ,7 5 5 1  0
0 .4 %  0 .2 %  #DIV/0! 0 .1 %  #DIV/OI
S 0 4
0
4 .7 5 7
9 5 .1 %
0
4 .7 0 7 5
9 4 .2 %
0
4  8 8 2 8  
9 7 .7 %  
4 .3 9 9  
8 .7 7 5 4  
9 6 .3 %  
3 .1 6 4 3  
7 .5 1 0 2  
9 3 .4 %
5.1 7 1 1
5 .1 4 4 3
0 .5 %
3 .5 9 4 7
3 .5 5 7 6
1.0%
1 1 .2 8 3  
1 1 .2 8 8  
0 0%
S a m p le  N am e  •llection D F Cl N 0 2 -N N 0 3 -N P Q 4
A U T O C A L 1 7 /19 /01 0 .0 5 1 0 .0 5 0 .0 5 0
A U TO CAL 2 7 /19 /01 0  1 2 0.1 0.1 0
A U TO CAL 3 7 /19 /01 0 5 1 0 0 .5 0 .5 0 .5
A U TO CAL 4 7 /19 /01 1 2 0 1 1 1
1/2 W .L T E C H  ICAL 7 /19 /01 0 .6 6 3 7 1 9 .7 4 9 3 .8 1 2 2 .8 8 5 -1 .1 1 3
Q C  S P E C  A1 7 /19 /01 0 .9 8 3 7 2 .3 4 8 1 .1 1 1 2 1.2591 2 .0 9 3 9
2X Q C  S P E C  A1 7 /19 /01 1 .8 5 4 6 4 .7 9 9 3 2  1 3 7 3 2 .3 0 6 2 1 .1 4 7 9
1/2X Q C  S P E C  A1 7 /19 /01 0 .4 9 3 5 1 .2 6 0 .5 6 3 9 0 .6 4 0 7 1 .3 4 5 8
S T D 1 7 /19 /01 0 .0 5 4 1 1 .0 7 6 3 0 .0 4 6 5 0 .0 5 0 1 0
S T 0 1 7 /19 /01 0 .0 5 2 8 1 0 7 8 2 0 0 4 5 7 0 .0 5 0 5 0
ST D  2 7/19 /01 0 .0 9 6 1 1 .9 2 7 9 0 .0 9 1 5 0 .0 9 9 2 0
ST D  2 7 /19 /01 0 0 9 5 8 1 .9 1 8 3 0 0 8 8 9 0 0 9 9 7 0 .0 7 4
ST D  3 7/19 /01 0 .4 9 8 2 1 0 .0 1 3 0 .4 9 7 4 0 .4 9 9 8 0 .4 8 8 2
ST D  3 7/19 /01 0 .5 0 9 4 10.11 0 .4 7 2 9 0 5 0 6 1 0 .5 1 1 3
ST D  4 7/19 /01 1 .0 0 9 5 2 0 .1 9 4 0 .9 4 1 1 0 .9 9 9 1 .0 0 6 6
S T D  4 7/19 /01 1.0001 2 0 .0 0 4 1 .0 0 5 0 .9 9 9 9 0 .9 8 6
ST D  4 7 /19 /01 1 .0 0 0 4 1 9 .9 7 9 0 .9 9 5 4 1 .0031 0 .9891
B lan k s
LAB BLANK 7 /19 /01 0 0  2 8 0 8 0 0 -0 .0 7 7
LAB BLANK 7 /19 /01 0 0 .2 8 1 1 0 0 0





2 .3 5 0 9  
2 .6 1 1 2  
4  8 4 2 3  
4  6 8 9 4
2 4 .9 9  
25 .01  
5 0 .0 6 4  
49 .9 7 1
4 9 .9 9
F Cl Ni N itra te P S
W ith in  a c c e p ta b le  r a n g e ?
No N o >MDL >M DL N o Y e s
Y es Y e s >MDL >MDL >MDL Y e s
>MDL Y e s >MDL >MDL >MDL Y e s
Y es Y e s Y e s Y e s >MDL Y e s
7 .9 % 7 .4 % 7.2% 0 .3 % 6 .1 %
5 .5% 7 .5 % 9 .1 % 1.0% 4 .4 %
3 9 % 3 .7 % 8.8% 0 .8 % 3 .2 %
4 3% 4 .2 % 11 .7% 0 .3 % 6 .4 %
0 .4 % 0 .1 % 0 .5 % 0 .0 % 2 .4 % 0 .0 %
1.9% 1.1% 5.6% 1.2% 2 .2 % 0 .0 %
0 .9 % 1.0% 6 .1 % 0 .1 % 0 .7 % 0 .1 %
0  0% 0 .0 % 0.5% 0 .0 % 1 4 % 0 .1 %
0 .0 % 0 .1 % 0.5% 0 .3 % 1 1 % 0 .0 %
S p ik e s
LAB BLANK 7 /19 /01 0 0 .2 8 0 8 0 0 -0 .0 7 7  0
F O R T . LAB BLANK 7 /19 /01 0 .0 9 6 1 .9 2 7 7 0 .0 9 0 3 0 .0 9 8 9 0 .0 8 4 5  4  7031
%  R e c o v e ry 9 6 .0 4 % 9 6 .3 8 % 9 0 .2 8 % 9 8 .9 3 %  #DIV /0! 9 4 .0 6 %
LAB BLANK 7/1 9 /0 1 0 0  2811 0 0 0  0
FO R T .LA B  BLANK 7/1 9 /0 1 0 .0 9 4 5 1 9 2 6 6 0 .0 9 0 6 0 .0 9 9 6 0  4 .7 6 0 8
% R e c o v e ry 9 4 ,5 5 % 9 6 .3 3 % 9 0  5 6 % 9 9 .6 0 %  #DIV/0! 9 5 .2 2 %
1/8 HANNUM  M W 7 /1 9 /0 1 0 0 .8 3 0 6 0 0 .4 7 2 7 0  1 .0 6 7 9
1/8 HANNUM  M W  SPIK E 7/1 9 /0 1 0 .1 0 2 6 2  5011 0 .0 8 9 2 0 .5 2 5 2 0  5 .1 9 0 6
% R e c o v e ry 1 0 2 .6 % 8 7 .7 % 8 9 .2 % 9 9 .8 % #DIV/0! 8 4 .6 %
D u p lic a te s  
1 /4  PU M P C O 7/1 9 /0 1 0 .0 6 7 2 1 .3 7 6 9 0 0 .5 0 4 2 0  1 .5 4 7 7
1/4 P U M P C O  LAB DU P 7 /1 9 /0 1 0 .0 6 7 1 .3 4 8 0 0 .5 0 1 7 0  1 .5 4 3 8
% D iffe re n ce 0 .2 % 2 .1 % #DIV /0! 0 .5 % #DIV/0! 0 .3 %
1/4  LA NG E MWD 7 /1 9 /0 1 0 .0 4 0 4 0 .8 8 8 8 0 0 6 3 8 6 0  1 .5 2 8 3
1 /4  LA NG E M W S 7 /1 9 /0 1 0 .0 5 4 4 0 .8 6 9 4 0 0 .6321 0  1 .5 1 2 4
1/4 LMWD 7 /1 9 /0 1 0 .0 4 7 8 1.0561 0 0 .5 1 8 8 0  1 .3 8 4 8
1/4 LANGE 7 /1 9 /0 1 0  0 4 2 8 0 .9 3 9 9 0 0 .6 8 5 1 0  1 .5131
1/4  LM W S 7/1 9 /0 1 0 .0 4 7 6 0 .9 3 6 4 0 0 .4 6 7 9 0  1 .3 4 0 4
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Table D4 continued : Original Anion Data
S a m p le  N am e  >liection 0 F Cl N 0 2 -N N 0 3 -N P 0 4 S 0 4  F Cl N 0 2 -N  N 0 3 -N P 0 4 3 0 4
AU T0CA L1 8/29 /01 0 .0 5 1 0 0 5 0 .0 5 0 .0 5 2 .5
A U T 0C A L 2 8/29 /01 0.1 2 0.1 0.1 0.1 5
AU TO CAL3 8/29 /01 0 .5 10 0 .5 0 .5 0 .5 25
A U T 0C A L 4 8/29 /01 1 2 0 1 1 1 50
STD1 8/29 /01 0  0 5 6 6 1 0 7 0 3 0.0501 0.0521 0 .0 5 2 7 2 .6 7 2  12 .4% 6.8 % 0 .1 % 4 .2 % 5.3% 6 7 %
STD  1 8/29 /01 0 0 4 8 1 .0 6 4 6 0 .0 4 7 5 0.0511 0 2 .5 7 6 3  4 .0% 6 .3 % 5.1% 2 .2 % 3 0%
ST D  1 8 /29 /01 0  0 4 7 4 1 .0 7 0 6 0 .0 4 6 6 0 .0 5 3 0 2 .5 9 1 9  5 .3% 6 .8 % 7.0% 5.7% 3.6%
ST D  1 8/30 /01 0 ,0 4 8 8 1 .0 7 6 9 0 .0 4 5 6 0 .0 5 4 3 0 2 .6181 2 .3% 7 .4 % 9 .2 % 8.3% 4 .6 %
ST D 2 8/29 /01 0 .0 9 6 6 1 8811 0-0 9 2 7 0 .0 9 5 9 0 .1 1 3 7 4 .7 1 8 6  3 .5% 6 .1 % 7 .5 % 4 .2 % 12 .8% 5.8%
ST D  2 8/29 /01 0 .1 0 0 2 1 .9 5 4 8 0 .0 9 2 5 0.1 0 .0 7 6 3 4 .8 6 3 5  0  2% 2 .3 % 7 .8 % 0 .0 % 2 6 .9 % 2.8%
STD  2 8/29 /01 0 .1 0 1 5 1 .9 7 3 5 0 .0 9 4 0 .1 0 1 9 0 .0 8 2 8 4 .8 9 4 7  1 4% 1.3% 6 .2 % 1.9% 18 .8% 2.1%
ST D  2 8 /30 /01 0  1011 1 .9 7 2 2 0 .0 9 0 2 0 .1 0 1 9 0 4 .8 9 2 4  1.1% 1.4% 10 .3 % 1.9% 2 2%
ST D 3 8/29/01 0  4971 9 .8 2 6 9 0.491 0 .4 8 5 8 0 .4 9 3 6 2 4 .5 7  0 .6% 1.7% 1 .8% 2 .9 % 1 3 % 1.7%
ST D  3 8 /29/01 0 .5121 10.101 0 .4 8 9 9 0 .5 0 2 7 0.511 2 5 .2 5 5  2 .4% 1.0% 2 .0 % 0 .5 % 2 2% 1.0%
S T D  3 8 /29/01 0 .5 1 9 2 1 0 .1 5 3 0 .4 8 7 0.5101 0 .5 2 1 5 2 5 .3 9 9  3.8% 1.5% 2 .6 % 2 .0 % 4 .2 % 1.6%
STD  3 8/30/01 0 .5 2 3 8 1 0 .1 9 2 0 .4 7 6 3 0 .5 2 1 8 0 .5 1 2 1 2 5 .5 3 7  4 .6 % 1.9% 4 .9 % 4 .3 % 2 .4 % 2.1%
ST D 4 8/29/01 1 .0 0 2 8 2 0 .0 3 4 1 .0 0 3 8 1 .0077 1 .0 1 1 7 5 0 .0 2 5  0 .3% 0 .2 % 0 .4 % 0 .8 % 1.2% 0 .0 %
S T D  4 8 /29 /01 1 .0171 2 0 .1 1 9 0 .9 9 4 8 1 .0 1 5 9 1 .0 3 4 5 5 0 .4 6 5  1.7% 0 .6 % 0 .5 % 1.6% 3.4% 0.9%
S T D  4 8 /29 /01 1 .0 2 6 7 2 0 .1 8 5 0 .9 8 5 3 1.039 1 .0 7 1 4 5 0 .7 3 6  2 .6% 0 .9 % 1 .5 % 3 .8 % 6 .9 % 1.5%
S T D  4 8 /30 /01 1 .0 2 9 7 2 0 .3 3 9 0 .9 6 7 5 1 .0 5 5 2 1 .0 4 8 6 5 0 .9 9 9  2 .9% 1.7% 3 3% 5 4 % 4 .7 % 2 .0 %
ST D 4 8 /29 /01 0 .9 8 1 5 1 9 .9 6 4 0 .9 9 0 5 0 .9971 0 .9 6 8 9 4 9 .8 7 5  1 .9% 0 .2 % 1.0% 0 .3 % 3.2% 0 .3 %
1/2 Q C S P E X  AI 8 /29 /01 0 .5 1 .2 6 2 9 0 .5 0 4 8 0 6 3 5 4 1 .4 7 0 2 3 .8 2 9 3  Y es Y e s low Y e s >MOL Y es
1/2 ALLTECH ICAL 8 /29 /01 0 ,7 5 4 1 9 .6 4 9 4 .4 6 2 4 3 .0 9 5 5 1 3 .6 6 4 2 0 .2 1 8  low Y es >M DL >MDL >MOL Y es
B lan k s
BLANK 8 /29 /01 0 0 .2 8 1 8 0 0 -0 .0 5 4 0
BLANK 8 /29 /01 0 0 .2 8 1 3 0 0 -0  0 5 5 0
BLANK 8 /29 /01 0 0 .2 8 1 8 0 0 0 0
FB 8 /2 9 /0 1 0 0 .2 8 8 4 0 0 0 0.6761
BLANK 8 /29 /01 0 0.2771 0 0 0 0
BLANK 8 /3 0 /0 1 0 0.2781 0 0 0 0
S p ik e s
BLANK 8 /2 9 /0 1 0 0 .2 8 1 6 0 0 -0 .0 5 4 0
LFB 8 /2 9 /0 1 0 .1 0 6 9 1.967 0 .0 9 7 3 0 .0 9 9 8 0 .1 2 0 8 4 .8 5 2
1 0 6 .9 % 8 5  7% 9 7 .3 % 99 .8 % 169 .6% 9 7 .0 %
F S # 5 8/2 9 /0 1 0 .4 8 8 5 2  4 5 6 9 0 0 .1 3 5 7 0 3 .7 2 9 4
F S # 5  SPIK E 8/29 /01 0 .5 6 0 5 4 .1 9 6 0 .1 0 1 4 0.2201 0 .0 1 8 9 8 .0 5 0 9
1 2 0 .8 % 9 9  2 % 101 4 % 98.0% 18.9% 93 .9 %
6 7 4 4 2 8 /2 9 /0 1 0 .5 2 8 5 2 .1 4 1 7 0 0 .1 4 4 5 0 2 9 6 6
6 7 4 4 2  S PIK E 8/29 /01 0 .6 3 5 7 3 .8 1 7 5 0 .0 9 6 5 0 .2 2 9 4 0 .0 5 9 5 7 .3 1 9 3
1 6 0 .0 % 9 4 .5 % 9 6 .5 % 99 .3 % 5 9 .5 % 93 .0 %
1 6 6 0 0 0 8/2 9 /0 1 0 .5 6 0 7 2 .0 1 9 8 0 0 .1 1 6 5 0 3  595 7
1 6 6 0 0 0  S PIK E 8/29 /01 0 .6 6 7 5 3 .7 7 3 0 .0 9 5 7 0 .2 0 3 4 0 7 .8 8 7 2
1 6 2 .9 % 9 7  8% 9 5 .7 % 98 .5 % 0 0 % 9 3 .0 %
LA NG E 1/4 8 /2 9 /0 1 0 .0 3 7 1 .0 5 7 8 0 0 .6 3 5 2 0 1.7 3 0 4
LANGE 1/4 S PIK E 8/3 0 /0 1 0 .1 4 2 9 2 0 2 0 .1 0 0 5 0 .6 8 2 5 0 6 .3 7 5 6
1 0 6  8% 9 8 4 % 1 0 0 .5 % 110.8% 0 .0 % 96 .4 %
D u p lic a te s
LA NG E 8/2 9 /0 1 0 .5 3 3 9 0 1 .8 9 1 6 2 .4 9 7 4 0 5 .3 1 0 6
LA NG E LD 8 /29 /01 0 .5 4 0 8 4  8 2 8 7 0 2 .5 1 3 5 0 5 .3 4 2
1.3% 2 0 0 .0 % 2 0 0 .0 % 0.6% #DIV/0! 0 .6%
1 2 0 4 7 0 8 /2 9 /0 1 0 .5 6 5 1 2 .0 6 0 5 0 0 0 7 8 2 0 3 .1 0 6 6
1 2 0 4 7 0  LD 8/29 /01 0 .5 5 5 3 2  0 8 3 2 0 0.0781 0 3 .1 1 5 4
1.8% 1.1% #DIV/0! 0 .2% #DIV/0! 0 .3 %
McMANN 8/2 9 /0 1 0 .6 2 7 4 1 9 1 5 3 0 0 .0 1 4 3 0 2.2411
McMANN LD 8/2 9 /0 1 0 .6 1 2 1 .8 6 8 9 0 0 .0 1 4 3 0 2 .2 4 2 5
2 .5 % 2 .5 % #DIV/0! 0 .2% #DIV/0! 0 1 %
1 5 7 4 6 1 8 /2 9 /0 1 0 .7 2 4 6 3 .6 8 9 1 1 .4 9 1 9 0 8 .4 9 9 4
1 5 7 4 6 1 D 8 /2 9 /0 1 0 .7 7 8 5 4 .0 9 3 9 1 .4 6 6 7 0 9 .0 3 0 9
7 .2 % 1 0 ,4 % #DIV/0! 1.7% #DlV/0! 6 .1 %
1 2 4 6 2 2 8 /2 9 /0 1 0 .3 3 6 6 0 1 .6 4 9 9 0 .7 7 0 7 0 11 .1 4 7
1 2 4 6 2 2 L O 8/2 9 /0 1 0 .3 4 2 1 0 1 .6 8 1 6 0 .7 7 4 0 1 1 .1 7 6
1 .6% #D IV /0l 1 .9% 0.4% #DIV/OI 0 .3 %
1 2 8 9 4 5  1/2 8 /2 9 /0 1 0 .1 5 4 6 1 .2 3 8 5 0 0 .7 5 4 0 3 .7 8 4 9
1 2 8 9 4 5  1 /2  LD 8 /2 9 /0 1 0 .1 5 2 2 1 .2 4 2 7 0 0 .7 5 7 9 0 3 .7 8 0 4
1.6% 0 .3 % #DIV/0! 0 .5% #DlV/0! 0 .1 %
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Table D4 continued : Original Anion Data
S a m p le  N am e 'llection  D F Cl N 0 2 -N N 0 3 -N P 0 4 S 0 4  F Cl N 0 2 -N N 0 3 -N  P 0 4 S 0 4
a u to c a l l 11/5/01 0 0 5 1 0 .0 5 0 ,0 5 0 .0 5 2 .5
a u to c a l2 11/6/01 0.1 2 0.1 0.1 0.1 5
a u to c a l3 11/5/01 0 .5 10 0 .5 0 .5 0 .5 25
a u to c a l4 11/5/01 1 2 0 1 1 1 5 0
std1 11/5/01 0 .0 4 7 4 0 .9 4 8 6 0 .0421 0 .0461 0 .0 5 3 4 2 .3 8 2 8  5 .3 % 5.3% 17.1% 8.2% 6 6% 4.8%
STD1 11/5/01 0 .0 5 2 9 1 .0 7 5 8 0 .0 4 7 9 0 .0 5 3 3 0 2 .5 3 7 7  5 .7 % 7 .3 % 4 .4 % 6 .5 % 1 6 %
STD1 11/5/01 0 .0 5 2 4 1 .0 7 9 8 0 .0 4 7 5 0 .0 5 3 3 0 2 .5 8 8 4  4 .7 % 7 .7 % 5 .2 % 6.3% 3.5%
ST D 2 11/5/01 0 .1 0 0 4 1 .9 6 1 5 0 .1 0 3 3 0 .1 0 4 7 0 .0 8 0 4 4 .6 4 5 2  0 .4 % 1.9% 3 2 % 4.6% 2 1 .7 % 7.4%
std 2 11/6/01 0 .0 9 6 7 1 .9 3 3 7 0 .0 9 8 7 0 .0 9 8 7 0 .1 0 8 3 4 .8 3 3 7  3 .4 % 3.4% 1.3% 1.3% 7.9% 3.4%
ST D 2 11/5/01 0 .0 9 9 9 1 .9 5 1 2 0 .1 0 2 7 0 .1 0 2 6 0 .0 6 9 3 4 .5 9 0 2  0 .1 % 2 .5 % 2 .6 % 2 .6 % 3 6 .3 % 8 .5%
ST D 3 11/5/01 0 .5 1 4 3 1 0 .1 6 0 .5 2 4 4 0 ,4 9 4 6 0 .4 3 5 5 2 4 .4 0 2  2 .8 % 1 .6 % 4 .8 % 1.1% 13.8% 2.4%
ST D 3 11/5/01 0 .5 0 5 5 10.111 0 .5 2 3 9 0.4911 0 .4 2 0 7 2 4 .1 9 2  1 ,1% 1 1 % 4 .7 % 1.8% 1 7.2% 3.3%
ST D 4 11/5/01 1 .0 1 6 2 2 0 ,0 7 2 1 .0 3 2 7 0 .9 7 9 4 0 .8 4 1 5 4 8 .3 2 7  1 .6% 0 .4 % 3.2% 2 .1 % 17.2% 3.4%
std 4 11/5/01 1 .0 0 8 6 2 0  001 0 .9 9 8 4 1 .0 0 3 5 1 .0157 5 0 .0 8 2  0 .9 % 0 .0 % 0.2% 0 .4 % 1.6% 0.2%
ST D 4 11/5/01 1 .0 2 6 5 2 0 .1 7 3 1 .0 3 0 8 0 .9 8 4 7 1.0261 4 9 .6 6 5  2 .6 % 0 .9 % 3 .0 % 1.5% 2 .6 % 0.3%
std 4 11/5/01 1 .0 0 1 8 2 0 .0 0 7 0 .9 9 5 9 1 .0 0 2 3 0 .9 4 4 6 50 .0 0 1  0 .2 % 0 .0 % 0 .4 % 0 .2 % 5.7% 0.0%
Q C S P E C  AI 11/5/01 1 .0 5 6 4 2 5 3 0 1 .3 1 4 4 2 .9 4 5 7 7 .4 6 0 4  >MDL Y e s low >MDL >MOL Y es
1 /2 Q C S P E C  A! 11/5/01 0 .3 8 0 2 1 .0 5 2 4 0 0 .4 6 7 6 0 .6 9 5 2 2 ,8 5 8 5  low Y e s low low low low
1/2 ALLTECH ICAL 11/5/01 8 .3 9 9 6 1 1 .0 2 4 3 .4 9 9 4 2 .4 4 1 5 10 .617 2 0 .3 3 7  >MDL low >MDL >MDL >MDL Y es
lab b la n k 11/5/01 0 0 .2 8 6 2 0 0 -0 .0 2 7 0
LFB 11/5/01 0 .0 9 7 1 9 1 3 8 0 .0 9 7 7 0 .0 9 7 9 0 1 2 4 7 4 8 3 5 7
%  R e c o v e ry 0  9 6 9 9 0  9 5 6 9 0 .9 7 7 2 0 .9 7 8 8 1 .2 4 7 4 0 .9671
1 /4  P 0 1 11/5/01 0  0 3 5 7 1 .4 4 8 0 0 .5 9 6 3 0 2 .5 4 5 6
1/4 P 0 1  SPIK E 11/5/01 0  1191 3 .1 4 1 4 0 .1 0 7 7 0 .6 2 9 8 0 6 .6 6 0 2
%  R e c o v e ry 8 6  9 % 9 1 .9 % 107 .7% 9 3  2% 0 .0 % 87 4%
LEG EN O M W D 11/5/01 0 .4 3 8 6 3 .7 7 8 9 0 1 .9 8 5 5 0 4 .6 6 3 8
L EG EN D M W D SPIK E 11/5/01 0 .2 3 4 2 4 .8 3 4 1 0 1.8891 0 9 .1 1 0 7
%  R e c o v e ry m m m 71 7% 0 .0 % 10 2 .1 % 0 .0 % 9 8 .3 %
P F 3 11/5/01 0 .0 6 4 1 2 .2 5 5 1 0 0 .1 6 6 4 0 7 .6 5 2 4
PF 3L D 11/5/01 0 .0 6 3 6 2 .2 6 2 6 0 0 .1 6 5 4 0 7 .6 3 8 3
1 /4  P IE Z W 11/5/01 0 .0 4 6 8 1 .1 3 3 8 0 0 .6 3 8 1 0 1 .5 9 1 7
1/4 P IE Z  W  LD 11/5/01 0 0 4 7 8 1 1 4 1 9 0 0 .6 4 0 5 0 1 .5 8 9 9
LEG EN O M W D 11/5/01 0 .4 3 8 6 3 .7 7 8 9 0 1 .9 8 5 5 0 4 .6 6 3 8
LM W OFD 11/5/01 0 .1 4 9 1 3 .2 7 2 7 0 1 9 5 3 8 0 4 .5 8 6 3
FB 11/5/01 0 0 .2 8 6 5 0 0 0 0
LM W S 11/5/01 0 .4 3 8 2 3 .7 8 2 2 0 1 .9 5 5 2 0 4 .6 8
P F 2 11/5/01 0 0 7 1 8 4 .9 7 2 7 0 0 .7 9 0 3 0 7 .2 8 5 3
P F1 11/5/01 0 .1 1 0 5 5 .4 2 7 0 1 .7 5 5 4 0 6 .2 0 0 5
PFO 11/5/01 0 .4 2 2 3 7 .4 9 2 0 2 .5 1 1 2 0 5 4 2 2 7
P IE Z E 11/5/01 0 .1 1 1 6 6 .2 8 4 6 0 2 .5 2 5 0 5 .1 9 1 4
P IE Z W 11/5/01 0  1 4 4 6 4 .1 6 5 0 2 .2 4 0 7 0 4 .6 4 2 6
P 0 1 11/5/01 0 1 0 1 6 5 6 1 0 9 0 2  1262 0 9.041
P 0 2 11/5/01 0 ,4 0 3 6 8 7 7 3 2 0 0 .7 0 2 5 0 5 .2 4 4 5
1/2  PF1 11/5/01 0  0 6 4 2 .6 1 6 5 0 0 .9 2 4 7 0 3 .3 1 3 2
1/4  PFO 11/5/01 0  0 4 0 4 1 7 0 7 9 0 0 .7 9 5 0 1 .7 5 5 2
1/2 LMWD 11/5/01 0 .0 8 7 5 1 .7131 0 1 .0 6 2 6 0 2 .5 5 9 3
1/2 LM W S 11/5/01 0  0 8 6 1 .6 6 7 2 0 1 .0 4 2 8 0 2  5 9 3 4
1/4  P IE Z  E 11/5/01 0 .0 3 5 9 1 .5 6 4 9 0 0 .7 9 2 6 0 1 .7 7 0 5
S a m p le  N am e  'llection  D F Cl N 0 2 -N N 0 3 -N P 0 4 S 0 4  F Cl N 0 2 -N  N 0 3 -N  P 0 4 S 0 4
A U T O C A L 1 11/25/01 0 .0 5 1 0 .0 5 0 .0 5 0 2 .5
AU TO CA L 2 11 /25 /01 0.1 2 0.1 0 1 0 1 5
AU TO CA L 3 11/25/01 0 .5 10 0 .5 0 .5 0 .5 2 5
AU TO CA L 4 11/25/01 1 2 0 1 1 1 5 0
ST D  1 11/25/01 0 .0 5 2 4 1 .0 6 9 6 0 .0 5 4 1 0 .0 5 2 2 0 .0 3 4 9 2 .6 1 2  4 .8 % 6 .7 % 7.9 % 4.2 % 4.4 %
ST D  1 11/25/01 0 0 5 2 7 1 .0 6 8 2 0 .0501 0 .0 5 3 3 0 2 .5 7 2 7  5 .2 % 6 .6 % 0 .3 % 6 .4 % 2.9%
ST D  2 11/25/01 0 .0 9 6 3 1 ,9 2 8 9 0 .1 0 1 9 0 .0 9 8 3 0 .0 9 0 5 4 .7 9 3 1  3 .7 % 3.6 % 1.9% 1.7% 10.0% 4.2%
ST D  2 11/25/01 0 .0 9 9 3 1 .9 3 9 4 0 .1 0 8 2 0  1 0 1 6 0 .0 5 8 8 4 .7 5 6 6  0 .7 % 3.1% 7 .9 % 1.6% 5 1 .9 % 5.0%
ST D  3 11/25/01 0 .5 0 5 4 1 0 0 1 0 .5 0 6 6 0 .5 0 1 3 0 .5 0 3 4 2 5 .0 7 2  1 .1% 0 .1 % 1.3% 0 .3 % 0 .7 % 0.3%
ST D  3 11/25/01 0 .5 0 4 8 1 0 .0 8 2 0 .5 1 2 0 .5 0 2 0 .5 1 0 5 2 5 .2 3 7  1 .0% 0 .8 % 2.4 % 0 .4 % 2 .1 % 0 .9 %
S T D  4 11/25/01 1 .0 0 4 3 2 0 .1 8 3 1.02 1 .0 0 5 2 1 .0 2 4 2 5 0 .5 5 6  0 .4 % 0 .9 % 2 .0 % 0.5% 2 .4 % 1.1%
S T D  4 11/25/01 0  9 9 4 8 2 0 .0 0 7 1 .0 0 4 1.0022 0 .9 9 6 4 5 0 .1 2 4  0 .5 % 0 .0 % 0 .4 % 0.2% 0 .4 % 0 2%
S T D  4 11 /25/01 0 .9 9 6 3 2 0 .0 3 0 .9 5 9 8 1 .0 0 2 8 0 .9 3 9 6 4 9 .9 0 7  0 .4 % 0.2% 4 .1 % 0.3% 6 .2 % 0.2%
1/2  A LLTEC H  ICAL 11/25/01 1 .0 7 9 4 1 1 .0 5 4 3 .4 6 6 6 2 .7 4 6 1 3 .8 8 4 5 2 0 .4 6 5  >MDL low >MDL >MDL >MDL Y es
1/2 Q C S P E X  AI 11/25/01 0 .5 0 3 1 .3 4 7 8 0 0 .6 6 6 3 1.3487 3 .8 2 0 8  Y es Y es low Y es >MDL Y es
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Table Dd: Original Anion Data
F Cl N 0 2 -N NG3-N P 0 4 S 0 4
LAB BLANK 11/25/01 0 0 .2 8 5 9 0 0 0 0
FO R T , LAB BLANK 11/25/01 0 .0 9 9 8 1.9231 0 .1 0 5 0 .0 9 7 9 0 .1 0 8 4 4 .7 8 0 3
%  R ec o v e ry 9 9 .8 % 9 6 .2 % 105.0% 9 7 .9 % 108.4% 9 5 .6 %
# 2 S W 11/25/01 0 .1 0 8 7 1 .6 1 8 6 0 0 0 2.5971
# 2 S W  SPIKE 11/25/01 0 .1 8 9 8 3  2 8 0 9 0  108 9 0 .1 0 0 6 0 6.9621
% R ec o v e ry 9 2 .0 % 91 ,2 % 108 .9% 10 0 .6 % 0.0% 92 .5 %
# 6 G W 11/25/01 0 .0 9 6 9 3 .4 8 2 6 0 0 .8 4 8 3 0 5 .691
# € G W F D 11/25/01 0.101 3 .5 5 7 4 0 0 .8 5 0 3 0 5 .6 7 1 4
4 .1 % 2.1% #DIV/0! 0 .2% #DIV/0! 0 .3 %
# 3 G W 11/25/01 0 .0 9 8 8 1 .5 6 6 4 0 0 .1 4 8 7 0 2 .9 6 0 2
#3G W L D 11/25/01 0.1 1 .5 6 9 7 0 0 .1 5 0 3 0 2 .9 7 7 9
1.2% 0.2% #DIV/0! 1 .1% #DIV/0! 0 .6 %
LB 11/25/01 0 0 .2 8 7 0 0 -0 .0 6 3 0
LAB BLANK 11/25 /01 0 0 .2 8 5 9 0 0 0 0
#DIV/OI 0.4% #DIV/OI #DlV/0! m m m  # d iv /oi
S a m p le  N am e  l le d io n  D F Cl N 0 2 -N N 0 3 -N P 0 4 S 0 4 F Cl N 0 2 -N  N 0 3 -N  P 0 4 S 0 4
AU T0CA L1 0 .0 5 1 0 .0 5 0 .0 5 0 .0 5 2 .5
A U T0C A L2 0  1 2 0.1 0.1 0.1 5
A U T 0C A L 3 0 .5 10 0 .5 0 5 0 .5 2 5
A U T0C A L4 1 2 0 1 1 1 5 0
STD1 1 /0 /02 0 .0 6 4 0 .9 9 2 8 0  0 5 1 6 0 .0 5 0 8 0 .0 5 5 7 2 .6 9 0 7 2 4 .6 % 0  7% 3 .2 % 1.6% 10.9% 7.3%
STD1 1 /8 /02 0 .0 5 8 3 1.0051 0 .0 5 0 5 0 .0 5 2 6 0 .0 0 3 5 2 .6 7 9 3 15.3% 0 .5 % 1.1% 5 .1 % miiulf 6 .9 %
STD1 1 /8 /02 0 .0 5 7 2 0 .9 8 1 4 0 .0 4 8 7 0 .0 5 0 7 0 .0 0 2 8 2 .6 0 8 4 13.4% 1.9% 2 .7 % 1.4% m m # 4.2%
ST D 2 1 /8 /02 0 .1 0 6 5 1 .8 9 0 8 0.1 0 .1001 0 .0 8 4 5 4 .8 0 4 6  6 .3 % 5.6% 0 .0 % 0 .1 % 16 .8% 4 .0 %
S T 0 3 1/8 /02 0 .4 8 7 8 9 .9 2 6 5 0 .5 0 1 9 0 .4 9 9 4 0 .5 0 7 5 2 5 .0 4 4  2 .5 % 0 .7 % 0 .4 % 0 .1 % 1.5% 0 .2 %
ST D 3 1 /8 /02 0 .4 9 8 6 1 0 0 0 8 0 .5 0 2 1 0 .5 0 2 2 0 .5 0 4 2 5 .1 0 4 0 .3 % 0 .1 % 0 .4 % 0 .4 % 0 .8 % 0 .4 %
ST D 3 1 /8 /02 0 .4 9 9 .9 6 5 7 0 .5 0 2 7 0 .5 0 1 9 0 .5 0 7 5 2 5 .0 8 7 2 .0 % 0 .3 % 0 .5 % 0 .4 % 1.5% 0 .3 %
ST D 3 1 /8 /0 2 0 .4 8 5 9 .9 7 6 5 0 .5 0 1 3 0 .5 0 2 5 0 .4 8 9 8 2 5 .0 6 7 3 .1 % 0.2% 0 .3 % 0 .5 % 2.1% 0.3%
ST D 3 1 /8 /02 0 .4 8 7 2 9 .8 2 7 7 0 .4 9 5 1 0 .4 9 3 4 0 .4 9 6 2 4 .7 2 4 2 .6 % 1.7% 1.0% 1 .3 % 0.4% 1.1%
STD 4 1 /8 /0 2 0 .9 6 7 8 1 9 .8 5 6 0 .9 9 8 1 0 .9 9 8 8 1.0187 5 0 .1 6 5 3 .3 % 0.7% 0 .2 % 0 .1 % 1.9% 0.3%
STD 4 1 /8 /0 2 0 .9 5 3 5 1 9 .7 2 9 0 .9 8 9 8 0 .9 9 1 5 1.0174 4 9 .8 2 1 4 .8 % 1.4% 1.0% 0 .8 % 1.7% 0 4 %
ST D 4 1 /8 /0 2 0 .9 6 0 6 1 9 7 9 1 0 ,9 9 5 5 0 .9 9 3 6 1.0201 5 0  2 0 9  4 .0 % 1.1% 0 .4 % 0 .6 % 2.0% 0.4%
1/2 Q C S P E X  A l 1 /8 /0 2 0 .4 0 2 5 1.1931 0 6 1 4 6 0  6 3 5 9 1 2 7 2 3  8 0 9 9  Y e s Y es Y e s Y es >MDL Y e s
1/2 ALLTECH ICAL 1 /8 /0 2 -4 .1 7 2 2 0  0 0 2 2 .2 2 2 .0 3 7 9 10 .264 2 0  101 low >MDL >MDL >MDL >MDL Y e s
BLANKS
BLANK 1 /8 /0 2 0 0 .2 0 5 9 0 0 -0 .0 3 8 0
P R O C E S S  BLANK 1 /8 /0 2 0 0 .2 4 0 5 0 0 -0 .04 0
BLANK 1/8 /0 2 0 0 0 0 -0.051 0
FB 1 /8 /0 2 0 0 .2 3 4 9 0 0 -0 .0 2 7 0
S P IK E S
BLANK 1 /8 /0 2 0 0 .2 0 5 9 0 0 -0 .0 3 8 0
LFB 1 /8 /0 2 0  0 8 8 3 1 8 6 1 1 0 .0 9 7 6 0.1 0 1 2 2 2 4 .7 8 8 1
8 8 .3 % 9 3 .1 % 9 7 .6 % 100 .0% 122 2% 9 5 .8 %
Ê G W 1 /8 /0 2 0 .1 9 9 6 1 .6 8 2 7 0 0 .0 5 3 3 0 3 1 6 3 8
E G W  SPIK E 1 /8 /0 2 0 .2 8 3 9 3  4 4 5 2 0 ,1 1 3 8 0 .1 4 5 8 0 .0 6 1 6 7 .4 1 8 8
1 0 4 .2 % 9 6 .5 % 113 8% 9 7 .9 % 6 1 .6 % 91 4%
LOLO C R E E K 1 /8 /0 2 0 .2 1 5 7 1 .8 6 6 5 0 0 .0 3 7 6 0 3 .4 7 0 4
LOLO C R E E K  SPIK E 1 /8 /0 2 0 .2 9 1 4 3 .6 2 3 8 0 .1 2 1 9 0 .1 3 2 0 .0 4 4 6 7 .7 8 6 4
9 7 .2 % 9 7 .2 % 1 2 1 .9 % 9 8 .2 % 4 4 .6 % 9 3 .3 %
DU PLICA TES
C S W 1/8 /0 2 0 .1 7 5 2 1 .8 6 0 4 0 0 .0 4 0 3 0 3 .3 9 4
C S W F D 1 /8 /0 2 0 .1 7 0 8 1 .8 4 0 4 0 0 0 3 9 1 0 3 .3 8 4 7
2 .5 % 1.1% #0IV /0! 3 .1 % #DIV/0! 0 .3 %
F G W 1 /8 /0 2 0 .1 9 5 7 1 .7 3 7 0 0 .0 7 7 3 0 3 .1 0 7 3
FG W LD 1/8 /0 2 0 .1 9 6 7 1 .7 2 7 6 0 0 .0 7 9 0 3 .0 9 4 6
0 .5 % 0 .5 % #DIV/0! 2 .2 % #DIV/0! 0 .4 %
G S W 1 /8 /02 0 .2 0 5 4 1 .8 2 1 6 0 0 .0 1 4 1 0 3 .1 6 6 8
G SW L D 1/8 /02 0 .2 0 5 9 1 .8 1 3 9 0 0 .0 1 4 3 0 3 .1 6 4 8
0 .2 % 0 .4 % #DIV/0! 1 .6% #D1V/0I 0 .1 %
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Table D5: Summarized Laboratory Error for Cations 1
Element: AI3961 AS1890 Ba4934 Be2348 Ca3158 Cd2288 Co2286 Cr2677 Cu3247 Fe2399 K 7698 LI6707 Mg293H
Spikes (n = 20) mean 7.77% 2.14% 8.36% 7.97% 6.23% 5.61% 5.49% 6.32% 6.29% 5.35% 6.31% -8.35% 9.46%
expressed as SD 7.24% 11.72% 5.77% 5.15% 22.35% 5.21% 8.46% 8.04% 4.58% 8.19% 4.99% 4.05% 9.90%
percent difference low 0.82% -17.33% -0.30% -1.31% -16.67% -4.52% -13.60% -9.48% 0.04% -11.78% -2.91% -14.96% -4.73%
rom 100% recovery high 32.41% 25.18% 23.95% 18.40% 84.46% 15.38% 20.59% 27.53% 20.30% 16.71% 20.66% 3.71% 43.89%
Lab Duplicates n= 2 4 16 0 18 0 1 0 2 13 18 12 15
expressed as mean 18.48% 5.95% 1.55% 3.06% 11.49% 1.50% 3.69% 2.35% 4.32% 4.89%
percent difference SD 8.79% 5.91% 1.75% 4.00% 1.65% 3.52% 2.30% 2.33% 11.93%
between samples low 12.26% 0.80% 0.21% 0.00% 0.04% 0.00% 11.49% 0.00% 0.33% 1.05% 0.06% 1.44% 0.16%
high 24.70% 14.19% 7.16% 0.00% 13.79% 0.00% 11.49% 0.00% 2.67% 14.26% 8.00% 8.00% 47.00%
Element: Mn2605 Mo2020 Na5688 Ni2316 P1782 Pb2203 S1807 SI2516 SnIBSS Sr4215 TI3234 V3110 Zn2138
Spikes mean 5.94% 8.78% 6.36% 5.64% 8.23% 6.97% 11.63% 6.29% 5.62% 7.34% 9.00% 6.43% 5.79%
SD 7.31% 9.01% 5.00% 8.98% 8.39% 8.99% 8.64% 7.83% 9.22% 6.55% 7.42% 7.47% 5.93%
low -9.03% -8.66% -1.95% -13.81% -9.68% -12.84% -8.80% -2.99% -13.82% -2.00% -4.84% -6.83% -6.95%
high 21.10% 31.02% 19.92% 23.38% 24.73% 26.60% 27.20% 21.75% 26.98% 27.08% 30.32% 26.77% 18.28%
Lab Duplicates n = 1 3 18 2 1 0 18 16 3 17 0 0 16
mean 3.54% 16.74% 1.81% 9.84% 1.38% 4.13% 2.46% 15.76% 1.61% 11.37%
SD 12.64% 1.44% 3.99% 6.65% 3.02% 18.85% 1.86% 14.44%
low 3.54% 5.83% 0.02% 7.02% 1.38% 0.00% 0.14% 0.33% 1.40% 0.12% 0.00% 0.00% 0.44%
high 3.54% 30.59% 5.23% 12.66% 1.38% 0.00% 22.17% 11.06% 37.11% 7.15% 0.00% 0.00% 48.62%
un
1---- Data of I [Table 06: Cation Field D uplicates
Sample Name AnaiŸSiS Ai3961 AS1890 Ba4934 Be2348 Ca31S8 Cd2268 Co2286 Cr2677 Cu3247 Fe2399 K 7698 Li6707 Mq293H iU!n260S Mo2O20 Na5686 Ni2316 P1782 Pb2203 S1807 Si2516 Sn1B99 Sr4215 TÎ3234 V3110 Zn2138
132299 030401 4/3/01 <0.01 <0 005 0.0478 <0 0001 27.96 <0.001 <0.003 <0.005 <0.003 0.0084 1.561 0.0021 11.65 <0.0005 <0.003 3.873 <0.002 <0.01 <0.01 1.031 7.133 <0.003 0.0571 <0.005 <0.005 0,0123
32299D 030401 4/3/01 <0.01 <0.005 0.0474 <0.0001 28.04 <0.001 <0.003 <0.005 <0.003 0.0085 1.563 0.002 11 74 <0 0005 <0.003 3.899 <0 002 <0.01 <0.01 1.041 7.202 <0.003 0,0571 <0.005 <0.005 0.0202
% Difference 0.8% 0.3% 1.2% 0.1% 0.1% 0.8% 0.7% 1.0% 1.0% 0.0% 48.6%
67454 031101 4/3/01 <0.01 <0.005 0.0445 <0.0001 14.96 <0.001 <0.003 <0.005 <0 003 0.0096 1.286 0.0016 4.566 <0.0005 <0.003 3.523 <0.002 <0.01 <0.01 1.598 8.195 <0.003 0.0393 <0.005 <0.005 0.007
67454D031101 4/3/01 <0.01 <0.005 0,0441 <0.0001 14,95 <0.001 <0.003 <0.005 <0.003 0.0095 1.25 0.0016 4.576 <0.0005 <0.003 3.471 <0.002 <0.01 <0.01 1.584 8.132 <0.003 0.039 <0.005 <0.005 0.0089
% Difference 0.9% 0.1% 1.0% 2.8% 2.8% 0.2% 1.5% 0.9% 0.8% 0.8% 23.9%
65992 061401 7/16/01 <0100 0.0072 00673 <00010 2032 <0010 <0030 <0050 <0030 00088 2.331 0.0079 37.36 0.001 00054 12.16 00037 <0100 <0100 3.309 5.399 <.0030 0.107 <.0050 <0050 0.0073
65992D061401 7/17/01 <0100 0.0083 0.0667 <00010 23.33 <0010 <0030 <0050 <0030 0.0091 2.4 0.0081 41.21 0.001 0,0062 12-18 0.0042 <0100 <0100 4.037 5.829 <0030 0.1106 <.0050 <0050 0.01
% Difference! 14.2% 0.9% 13.8% 3.4% 2.9% 2.5% 9.8% 0.0% 13.8% 0.2% 12.7% 19.8% 7.7% 3.3% 31.2%
121511 12/20/01 0.026 <0050 0.0361 <00010 23.07 <.0010 <0030 <0050 0.0048 0.001 1.172 0.0018 6.038 0.0051 <0030 3002 <0020 <0100 <0100 1.32 6.288 0,0042 0.0391 <0050 <0050 0.0029
121511D 12/20/01 0.0297 <0050 0.0363 <00010 23.11 <0010 <0030 <0050 0.0051 <0010 1.16 <0015 5.988 0.0045 <,0030 2.99 <.0020 <0100 <0100 1.315 6.278 0.0069 0.0389 <.0050 <0050 0.0072
% Difference! 13.3% 0.6% 0.2% 6.1% 1.0% 0.8% 12.5% 0.4% 0.4% 0.2% 48.6% 0.5% 85.1%
LMWD 11/4 12/20/01 0.0385 <0050 0.0892 <00010 50.26 <0010 <.0030 <0050 <0030 <0010 2.599 0.0025 15.34 0.0022 <0030 6.016 <.0020 <0100 <0100 2.225 7.202 0,0077 0.0807 <0050 <0050 0.0059
LMWD FD 11/4 12/20/01 0.042 <0050 0.0886 <00010 49.97 <0010 <0030 <0050 <.0030 0.0088 2.645 0.0028 15.36 0.0025 <0030 6.222 <.0020 <0100 0.0109 2.255 7.224 0.0095 0.0809 <.0050 <0050 0.0149
% Difference I «.7% 0.7% 0.6% 1.1% 11.3% 0.1% 12.8% 3.4% 1.3% 0.3% 20.9% 0.2% 86.5%
132821 11/19 12/20/01 0.0307 0.0089 0.0393 <00010 28.17 <0010 <.0030 <0050 <.0030 <0010 4.386 0.0035 42.48 <0005 <0030 7.35 <0020 <0100 <0100 4.016 5.835 0.0104 0.0946 <0050 <0050 0.0149
132821D 11/19 12/20/01 0.035 0.0146 0.0391 <00010 28.07 <0010 <.0030 <0050 <0030 <0010 4.469 0.0031 42.41 <0005 0.0032 7.383 <0020 <0100 0.0102 3.997 5.867 0.0124 0.0948 <.0050 <.0050 0.0142
% Difference I 13.1% 48.5% 0.5% 0.4% 1.9% 12.1% 0.2% 0.4% 0.5% 0.5% 17.5% 0.2% 4.8%
157461 8/28 12/20/01 0.0375 0.014 0.067 <00010 49,76 <0010 0.0036 <0050 <.0030 <0010 2.205 0.0081 48.41 0.0009 <0030 6.219 0.0121 <0100 <0100 3.948 8.254 0.0109 0.2346 <.0050 <0050 0,0198
157461D 8/28 12/20/01 0.0353 0.025 0.0676 <00010 46.72 <0010 0.0041 <.0050 <0030 <0010 2.341 0.0095 54.61 0.0007 0.0036 7.119 0.0177 <0100 <0100 4.814 8.027 0.0072 0.2417 <.0050 <.0050 0,0183
% Difference 6.0% 56.4% 0.9% 6.3% 13.0% 6.0% 15.9% 12.0% 25.0% 13.5% 37.6% 19.8% 2.8% 40.9% 3.0% 7.9%
65976 12/20/01 0.0421 <0050 0.0681 0.00016 41.93 <0010 <0030 <0050 <0030 0.0024 1.732 0.0021 12.44 0.0005 <0030 4.286 <0020 <0100 <0100 1.94 6.316 0.0132 0.0542 <0050 <0050 0.0488
6597611 12/20/01 0.0406 <0050 0,0683 0.0001 42.68 <0010 <.0030 <0050 <.0030 0.0015 1.684 0.0019 12.67 <0005 <.0030 4.295 <0020 <0100 <0100 1.972 6 301 0.0085 0.0547 <0050 <0050 00138
% Difference 3.6% 0.3% 46.2% 1.8% 46.2% 2.8% 10.0% 1.8% 0.2% 1.6% 0.2% 43.3% 0.9% 111.8%
Average 3.57% 1.30% 5.73% 0.01% mum# «DIV/OI 0.39% «DIV/OI 0.50% 0.68% 217.40% 0.39% 0.20% 0.46% 587.43% 0.94% #DiV/OI 1.06% 252.51% 684.26% 0,91% 8.90% «OIV/OI «DIV/Ot 1.42%
O n
fable 07: Raw Cation Data ■ - - - - - - - - - - - - - - - 1- - - - - - - - - - - - - - -
S a m p t e  N a m e
P O L  ( f f i Q Æ ) 0 0 0 5
B & 4 9 3 4
0 0 0 0 5
C d 2 2 8 8
0 0 0 1
C 4 2 2 6 6
0 0 0 3
C o 3 2 4 7
0 0 0 3
F * 2 3 9 9
0 0 0 1
K  7 6 9 8  
0 5 0 0 0 1 5
. M g 2 9 3 H
0 . 1 0 . 0 0 0 5
M o 2 0 2 0
0 0 0 3
N i S 6 8 8
O S
N t 2 3 1 6
0 0 0 2
P b 2 2 0 3 S  1 8 0 7  S 1 2 5 1 6 S r 4 2 1 5 V 3 1 1 0
0 0 1 0  0 0 0 5
S g k e  A d d e d  ( E P A  P P M ) 0 . 5 O S 0 5 0 . 1 0 2 0 2 0 5 0 5 5 0 . 8 5 0 5 0 2 1 0 O S 0 . 5 5  5 0 . 2 0 1
D r i e m a t  S t a n d a r d
0  4 5 9 7 0  4 5 6 3 0  4 6 4 4 2 0 4 7 7 4 0 5 2 7 2 0 . 4 9 8 3 0 . 4 8 2 2 0 . 5 0 1 3 4 8 6 7 0  4 7 3 1 9 6 8 0 5 0 4 7 0 5 1 1 8 9  7 3 5 0 5 1 1 1 0 5 0 0 0 0  4 5 5 1  0  4 2 7 0 . 4 5 1 3 0 4 8 9 2 0  4 9 3 4
0 4 5 5 3 0  4 7 4 4 8 9 9 9 0  4 8 1 2 0  5 4 2 8 0  5 0 8 9 0 . 4 6 2 8 0 . 5 1 6 3 4 9 5 7 0 4 7 3 3 9  7 0 9 0 . 5 1 4 2 0  5 2 4 1 0 . 5 2 5 7 0 5 1 9 1 0 5 1 9 2 0 . 4 7 3 3  0  4 1 7 9 0  4 6 8 0  5 0 4 1 0  5 0 1 2 0  4 9 6 1
0 4 4 0 0 4 6 9 3 3 9  6 5 8 0 4 7 8 0 5 3 9 5 0  5 0 0 1 0 4 7 8 9 0 5 1 4 4 . 9 3 7 0  4 6 5 8 9  5 8 6 0 5 0 7 0 5 2 0 2 9 5 5 0 . 5 2 2 4 0 5 0 9 2 0 5 1 5 2 0  4 7 3 7 0 4 1 6 7 0  4 6 7 2 0  4 9 4 5 0 5 0 0 6 0  4 8 2 4 0  4 9 6 8
0 4 4 5 4 0  4 5 1 6 0 4 7 3 5 9 9  6 5 $ 0  4 7 9 5 0 5 4 3 3 0 . 5 0 1 0 4 7 8 7 0 5 1 7 7 4  9 4 6 0 4 6 6 4 9  5 3 7 0 . 5 0 9 4 0 5 2 4 1 9 5 3 9 0 5 2 7 3 0 5 1 7 5 0 5 1 9 2 0  4 7 8 2 0 . 4 1 7 8 0 4 7 2 5 0 . 5 0 0 8 0 . 5 0 2 3
U S N  I P C 0 4 9 1 9 9 5 1 0  4 7 0 8 0 5 3 6 4 0  4 9 5 7 0 4 7 3 2 0 5 1 1 3 4 . 9 2 6 0  4 6 2 5 9 4 3 1 0 5 0 1 1 0 . 5 1 6 3 9  4 7 2 0 . 5 2 0 1 0 . 5 0 6 3 0 5 0 9 8 0 . 4 7 1 6 0 . 4 6 6 4 0  4 9 5 6 0  4 7 1 6
usN ;pc 0 4 5 5 4 0 4 9 8 4 0  4 6 9 9 4 9 6 8 2 0  4 7 4 3 0  5 4 1 0  5 0 2 8 0 . 4 7 7 8 4 9 3 3 0 . 4 6 7 6 9 6 1 2 0 5 2 1 0 9 6 2 6 0 5 2 4 0 . 5 1 9 3 0 . 5 1 7 0 . 4 7 3 9 0 5 0 0 4
B l a n k *
E P A  B L A N K < 0 . 0 0 6 < 0 0 0 0 5 < 0  0 0 0 1 < 0  0 2 < 0 0 0 5 < 0 0 0 3 < 0 5 < 0 0 0 1 5 < 0 1 < 0  0 0 0 6 < 0 0 0 3 < 0 5 < 0 . 0 1 < 0 0 5 < 0 0 0 0 5 < 0 0 0 5
E P A  B L A N K < 0 0 0 5 < 0  0 0 0 5 < 0  0 0 0 1 < 0  0 2 < 0 0 0 5 < 0 . 5 < 0 0 0 1 5 < 0 1 < 0 0 0 0 5 < 0 5 < 0  0 5 < 0 0 2 < 0 0 0 0 5 < 0  0 0 5
E P A  B L A N K 4 0 / 0 1 < 0  0 1 < 0 0 0 5 < 0 0 0 0 5 < 0 0 0 0 1 < 0 0 2 < 0 0 0 5 < 0 5 < 0 0 0 1 5 < 0 1 < 0 0 0 0 5 < 0 5 < 0  0 6 < 0 0 2 < 0 0 0 0 5
E P A  B L A N K 4 ^ 1 < 0  0 1 < 0 0 0 0 5 < 0 0 0 0 1 < 0  0 2 < 0 0 0 5 < 0 5 < 0 5 < 0  0 2 < 0 . 0 0 5
B L A N K  0 3 0 4 0 1 4 7 M ) t < 0  0 1 < 0 0 0 0 5 < 0 0 0 0 1 < 0 0 2 < 0 . 0 0 5 < 0 5 < 0 0 0 3 < 0 . 5 < 0 . 0 0 2 < 0  0 5 < 0  0 2 < 0 . 0 0 5
S p i k e *
E P A  B L A N K 4 0 / 0 1 < 0  0 0 5 < 0 . 0 0 0 5 < 0 0 0 0 1 < 0 0 2 < 0 . 0 0 5 < 0 0 0 3 < 0 . 5 < 0 . 5 < 0 0 1 < 0 0 5 < 0 0 2 < 0 0 0 6
E P A  B L A N K  R Q 0  4 7 9 3 0 . 5 0 0 6 0 5 1 6 5 0  1 0 3 7 6 2 0 . 2 3 0 1 9 8 8 0 6 1 0 5 0 5 1 8 5 . 0 5 8 0 5 0 9 6 4 9 3 4 0 . 5 1 1 3 0 . 2 0 6 6 1 0 1 9 0 . 5 1 6 1 0 5 6 0 5 1 4 4 5 1 5 1 4 1 0 2 0 7 3 0 . 5 1 6 1 0 . 1 0 1 7 0 . 2 0 0 3
%  R c c o v e r v 9 6  9 % 1 0 0 . 1 % 1 0 3  3 % 1 0 3 6 % 1 0 1 . 2 % 9 9  4 % 1 0 3 4 % 1 0 2 . 1 % 9 7 . 5 % 1 0 3 6 % 1 0 1 ^ 8 4 . 9 % 9 8  7 % 1 0 2 . 3 % 1 0 3  3 % 1 0 1 9 % 1 0 3 . 6 % 1 0 5 . 6 % 1 0 2 . 9 % 1 0 2 . 0 % 1 0 2 . 8 % 1 0 3 . 7 % 1 0 3 6 % 1 0 1 . 7 % 1 0 0 . 2 %
1 2 0 4 7 0  0 3 0 5 0 1 4 / 1 0 1 < 0  0 1 < 0  0 0 5 0  0 3 3 6 < 0  0 0 0 1 1 9 0 2 < 0 0 0 5 < 0 0 0 3 0 . 0 6 1 2 1 . 2 6 2 0  0 0 1 6 6 ^ 4 4 0 0 1 1 1 3 . 1 9 3 < 0 0 1 0 6 4 3 8 5 . 7 2 2 0 . 0 4 1 < 0 0 0 5 < 0 0 0 5
9 3 %  1 2 0 4 7 0  0 3 0 5 0 1  R Q 4 C r t D 1 0 5 3 3 0 . 1 0 2 7 9 3 6 1 6 Û . 2 0 0 8 0 J 0 6 0 . 5 0 0 9 0 . 4 9 2 1 0 5 7 5 3 6 . 1 6 6 0 4 9 9 4 1 0 . 6 6 5 1 7 9 0 . 2 0 6 9 1 2 6 5 0 5 1 4 4 1 0 4 2 0 . 5 1 5 4 6 . 1 2 4 1 0 7 3 0 2 0 5 9 0  5 3 5 8 0 1 9 5 3
% R e c o v w 9 6 1 % 1 0 0  4 % 1 0 2  8 % 1 0 0 . 3 % 1 0 3  0 % 1 0 0 . 2 % 9 8  4 % 1 0 3 . 7 % 9 9 . 8 % 8 3 0 % 9 9  9 % 1 0 1 . 5 % 1 0 3 . 5 % 9 6 . 8 % 1 0 2 . 9 % 1 0 4 . 2 % 1 0 3 . 1 % 1 0 6 . 8 % 1 0 8 . 2 % 1 0 3 . 0 % 9 9 . 5 % 9 7  7 %
1 5 9 3 5 2 0 3 1 1 0 1 4 D r t 5 1 0 0 3 3 3 < 0 0 0 0 1 < 0  0 0 3 < 0 0 0 5 0 0 0 9 3 1 0 7 3 6 8 6 0  0 0 5 1 < 0 0 0 3 3  4 5 7 < 0 0 0 2 0  7 0 5 6 7 7 3 0 0 3 3 3 < 0 0 0 5
9 3 % 1 S 9 3 S 2  0 3 1 1 0 1  R Q 0 . 4 6 3 4 0 . 5 3 7 0 1 0 4 1 0 0 . 2 0 9 5 0 . 5 0 8 6 0  4 9 3 3 0 . 5 3 3 8 5 9 3 7 0 4 9 9 9 8 4 0 5 1 7 1 0 2 0 9 6 1 2 8 8 0 5 2 4 1 0 6 5 0 5 1 9 7 6 0 0 5 1 2 5 7 0 2 0 9 6 0 5 3 6 8 0 1 9 6 4
% ReçgWŸ 9 5 . 3 % 9 6 . 7 % 1 0 1 . 2 % 1 0 4 . 2 % 1 0 0  2 % 1 0 4  0 % 1 0 1 . 3 % 9 8 . 7 % 1 0 5  0 % 9 8 . 0 % 8 3 3 % 9 9  8 % 1 0 2  5 % 1 0 4  8 % 9 6 6 % 1 0 4  8 % 1 0 6 . 5 % 1 0 3 . 9 % 1 0 7  0 % 1 0 7  6 % 1 0 4  6 % 1 0 1  1 % 9 6  2 %
6 7 5 2 9  0 3 1 1 0 1 < 0  0 0 5 < 0 0 0 5 1 . 1 5 1 4 . 5 9 2 0 0 0 0 » 3 8 8 8 0  9 2 1 5
9 3 % 6 7 5 2 9  0 3 1 1 0 1  R Q 0 4 7 4 2 0  5 3 4 6 3 4  3 1 0  2 0 2 6 0 . 5 0 0 7 0 5 0 5 2 0 . 5 1 8 4 5 . 9 7 4 0 4 9 3 1 9 . 2 1 4 0 5 0 2 6 0 . 2 0 3 8 1 3 2 2 0 5 0 6 8 1 . 0 3 3 0 5 0 8 2 6 0 3 4 0 . 2 0 2 3 0 5 3 5 6 0 1 0 1 3 0 1 9 6 3 0 5 0 3 3
%  f l e c o v e r v 9 4  8 % 9 9  2 % 9 5 . 2 % 9 6 . 4 % 1 0 1 . 3 % 1 0 0 . 1 % 9 7  6 % 1 0 1 . 7 % 9 8 . 1 % 8 2 . 0 % 9 8  9 % 1 0 0 . 4 % 1 0 1  9 % 9 6 0 % 1 0 1 . 4 % 1 0 3 . 3 % 1 0 1 . 2 % 1 0 3  5 % 1 0 1 . 2 % 9 9 . 0 % 1 0 1 . 3 % 9 8 . 2 % 9 9 . 3 %
B R U  0 6 0 5 0 1 0 0 6 9 9 3 2 6 < 0 0 0 5 0 0 1 1 2 2 . 3 6 2 0 . 0 0 5 7 2 6 . 2 2 0 0 0 0 7 < 0 0 0 3 2 . 5 9 1 0 1 2 6 6 < 0 0 0 5
9 3 % B R M  0 6 0 5 0 1  R Q 0 . 5 5 0 2 0  2 0 1 5 0 2 0 4 2 0 5 0 8 0 5 0 5 3 0 . 5 2 3 5 7 . 0 7 2 0 5 1 4 2 3 1 . 3 6 0 5 0 8 3 0 . 2 0 6 9 1 6 2 0 5 0 9 6 1 . 0 3 7
1 0 3 7 %
0 . 5 1 0 2
1 0 3 . 2 %
7 . 8 7 7 0 . 2 0 4 5 0 6 0 4 1 0 . 1 0 4 0 . 2 0 2 3
%  R e c o v e r y 1 0 0  6 % 1 0 2 . 1 % 1 0 1  6 % 1 0 1 . 1 % 1 0 2 . 6 % 9 7 . 5 % 8 4 . 6 % 1 0 2 . 3 % 1 0 1 . 5 % 1 0 4 5 % 9 7 ^ 1 0 2 . 0 % 1 0 9 . 3 % 1 1 3 2 % 1 0 2 . 3 % 9 7 . 3 % 1 0 4 0 % 1 0 1 . 2 %
STEVERsaaiioi is is 4 A M 1 1 0 . 0 2 7 9 1 2 9 2 < 0 0 0 1 < 0 0 0 3 < 0 0 0 5 < 0 . 0 0 3 0 0 1 2 1 . 0 3 2 3 9 0 8 2 . 9 7 1 < 0 0 0 2 7 5 8 < 0 . 0 0 5
5 T E V E R S  0 3 1 1 0 1  1 5  R Q 4 / 3 Æ 1 0  4 6 3 6 0  5 3 6 3 1  1 3 0 2 0 1 5 0  2 0 8 3 0 5 0 6 2 0 . 4 9 8 4 0 . 5 3 3 1 5 . 6 9 1 0 . 5 0 2 2 1 8  6 2 1 0 . 2 0 8 6 1 2 . 4 8 0 . 5 1 9 7 0 . 2 0 6 7 0 5 3 6 7
%  R e c o v e r y 9 6  7 % 1 0 2 . 0 % 9 5 . 6 % 1 0 0  8 % 1 0 4 . 2 % 1 0 1 . 2 % 9 9  7 % 1 0 4 . 4 % 9 8 . 6 % 9 9 . 7 % 1 0 4 . 3 % 9 7 . 2 % 1 0 3  9 % 1 0 7 . 4 % 1 0 3 . 4 % 1 0 1 . 2 % 1 0 1 5 %
O u p S c a l e *
4 / 3 m i 2 1  8 7 < 0  0 0 5 0 . 0 0 6 5 1 . 2 1 1 < 0 0 0 1 5 6 2 1 < 0 0 0 0 5 3 . 2 3 2 < 0 0 1 0 . 9 1 8 3 7 . 2 2 6 0 . 0 4 1 8
1 2 0 4 7 Q A  L A B D U P 2 1  6 7 < 0 0 0 6 0 0 0 8 1 . 2 3 5 0 0 0 1 5 6 1 6 5 < 0 . 0 0 0 5 3 1 4 3 < 0 . 0 1 0 . 9 3 2 6 7  1 3
0 2 6 % 0  9 % 8 0 % 2 . 0 % 0 . 7 % 2 6 % 1 . 5 % 1 3 %
1 2 2 4 4 4 A  0 3 0 1 1 0 1  9 1 5 4 / 1 0 1 0 0 5 0 7 2 8  0 8 < 0  0 0 5 0 . 0 0 8 3 1 . 4 2 8 0 0 0 1 8 6 5 1 5 < 0 0 0 0 5 < 0 0 1 < 0 0 0 5
1 2 2 4 4 4 A 0 3 1 1 0 1  L A B O U 4 / 3 / 0 1 0 0 5 1 2 8  0 2 0 . 0 0 8 1 1 . 4 3 7 6 4 4 6 < 0 0 0 0 5 3 3 4 8 7 . 2 2 4 < 0 0 0 5
%  D l f f e f e n e e 0 2 % 3 j % 0 6 % 1 1 % 1 . 5 % 0 . 3 %
1 2 B 9 4 S  0 3 0 4 0 1  4 3 0 0  0 0 8 3 1 . 6 9 7 0 0 0 3 6 2 5 2 5 < 0 0 0 0 5 5  5 2 7 2 . 1 5 6  2 1 2 < 0 0 0 5
1 2 B 9 4 S  0 3 0 4 0 1  L A B O U R 0 0 4 4 7 1 7 8 8 0 0 0 8 2 1 . 7 0 3 0 . 0 0 3 7 2 5 . 2 1 < 0 0 0 0 5 5 4 8 6 2 . 1 4 1 6 1 7 0 < 0 0 0 5
0 0 % 0 7 % 1 . 6 % 0 4 % 2  7 % 0 . 2 % 0  7 % 0 6 % 2 . 7 %
1 3 2 2 9 0  0 3 0 4 0 1 0 0 3 0 9 1 2 2 6 0 0 0 6 9 0 9 1 2 5 3 9 6 8 0 0 0 0 8 2  7 3 3 < 0  0 0 5 0  0 3 6 5
1 3 2 2 9 0  0 3 0 4 0 1 < 0 0 0 5 0 0 0 6 9 0 . 9 3 5 3 9 5 4 0 . 0 0 0 8 6 4 3 1
0 0 % 2 - 4 % 0 0 % 1 . 5 % 0 . 4 %
1 3 2 2 9 9  0 3 0 4 0 1 0 . 0 0 8 4 1 . 5 6 1 0 . 0 0 2 1 < 0 0 0 0 5 3  6 7 3 7 1 3 3 0 0 5 7 1
1 3 2 2 9 9 0  0 3 0 4 0 1 < 0 0 0 5 1 5 6 3 0 0 0 2 3  6 9 9 0  0 5 7 1
0 1 % 0 7 % 1 0 % 0 0 %
< 0 0 0 5 < 0 5 < 0 . 0 0 1 5 < 0 1 < 0 5
6 7 4 5 4  0 3 1 1 0 1 0 0 0 9 8 1 . 2 8 6 0 0 0 1 6 4  5 6 6 3  5 2 3 8 1 9 5
6 7 4 5 4 0  0 3 1 1 0 1  1 5  4 5 0 0 0 9 5 1  2 5 0 0 0 1 6 4 . 5 7 6 3 4 7 1 8 1 3 2
0 9 % 1 0 % 2 8 % 0 2 % 1 . 5 %
< 0 . 0 0 1 5 5  2 4 3 3 2 2
1 2 1 9 2 4  0 3 0 4 0 1  3  3 0 3 7 9 2 8 0 4 2
2 3 1  3 1 4 0 0 0 1 6 7 5 7 4 < 0 0 0 0 5 3  2 9 7 7 1 3 3
1 2 4 0 5 9  0 3 1 1 0 1  
1 3 2 8 2 1  0 3 1 1 0 1
2 1  9 6 1 3 2 8 0 . 0 0 4 2 < 0 0 0 0 5 5 6 5 9 7 . 0 2 5
3 4  6 1 4  4 3 7 0  0 0 5 < 0 0 0 0 5 0  0 0 3 7 1 2 8 4 1 0 4 4 8 1 1 7 0 . 1 5 9 6
2 4 8 4 0 0 0 6 7 9 0 4 6 7 1 6 5 8 0 2 0  2 5 3 6
< 0 0 0 3 1  5 1 1 7 . 9 1 7 0 0 5 6 9
1 0 1 9 5 6  0 3 0 4 0 1  1  0 0  
1 6 1 9 S 6 A  0 3 0 4 0 1  1 3 0  
1 6 7 2 3 3  0 3 1 1 0 1 0  0 3 1 1
0  7 8 6 4
6 7 4 3 6  0 3 0 4 0 1  3 P  
6 7 4 5 6  0 3 1 1 0 1  
6 7 4 7 9  0 3 0 M 1 _  
0 7 5 1 2  0 3 0 4 0 1  
6 7 9 7 0  0 3 0 4 0 1  9  2 0  
S H E L B Y  0 3 0 2 0 1
9 7 7 1 3  1 8 2 0  7 6 4 2
2 6 6 1 1  4 7 5 0 9 6 5 9
4 / 1 0 '
1 7 1 7 1 2 5 7 S 2 2 5 7 9 5 3
T06^~
0 . 0 4 6
j 6  6 2 _ < 0  0 0 5 , 4 2 2 7 . 9 9 2
< 0  0 0 0 5 < 0 0 0 3 < 0  0 1 1 6 2 7 6 9 4
Ç-W6T
< 0  0 1 < 0 . 0 0 5 2 4 9 3 < 0 . 0 0 1 < 0 . 0 0 3 < 0 . 0 0 3 0 0 0 6 8 1.4B- OOOZ2 < 0  0 0 0 5 < 0 . 0 0 3 3 . 7 2 2 < 0 0 0 2 < 0  0 1 1 0 7 2 7 . 5 9 6 < 0 J ) O 3 _ 0 . 0 6 2 6 <0.0®_ < 0 . 0 0 5
O n'-J
T a b l e  D 7  c o n t i n u e d :  R a w  C a t i o n  D a t a 1 1 1
S a m p k  N » m e A S 1 8 9 0
0 0 0 5 0 . 0 0 0 5 0 . 0 0 0 1 0  0 2
0 0 2 2 6 6
0 0 0 3
C f 2 6 7 7
0 0 0 5
F * 2 3 9 9
0 0 0 1
K  7 6 9 6  
0 5
U 6 7 0 7  
0  0 0 1 5
M A 2 9 3 H N I 2 3 1 G P 1 7 8 2  P b 2 2 0 3 S Î 2 5 1 6  5 n l 8 9 9 T Û 2 3 4
0 . 1 0 . 0 0 3 0 . 0 0 2 0 0 1  0 0 1 0 0 5
S d O w  A { k J « 3  { £ P A  P P M l 0 5 O S 0 5 0 1 2 0 0 . 2 0 2 0 . 5 0 5 5 0 6 0 5 0 . 2 5  0 :
E t e r n a l  S t a n d a r d
0 4 7 9 > 2 0 0 0 0 9 9 6 9 0 4 8 3 6 0 . 5 2 7 6 0 5 0 6 6 0 4 3 8 1 4 8 8 2 0  4 0 1 1 9 9 6 2 0 . 5 1 1 7 0 5 1 1 0 . 5 0 9 0  4 9 2 0 5 0 9 4 0 4 6 0 4 0 4 5 4 3 0  4 2 5 2
0 . 4 7 2 3 > 2 0 0 0 0 0 4 7 8 2 0 . 5 3 6 0 5 0 9 6 0 . 5 0 6 1 4 . 9 4 7 0 . 4 7 9 9  8 5 9 0 . 5 1 7 5 0 5 1 4 5 1 0 0 3 0 5 1 5 1 0 5 0 6 8 0 5 1 3 4 0 . 4 7 7 3 0  4 2 3 8 0 . 4 3 3
E P A  3 0 0  1 5  B L A N K < 0 0 0 1 0 < 0 0 1 0 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 5 0 0
E P A  2 0 0  I S  B L A N K < 0 1 0 0 < 0 0 0 1 0 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 6 < 0 0 3 0 < 5 0 0 0 < 0 5 0 0 < 0 0 0 5 < 0 0 5 0 < 0 0 5 0
F t E L O  B L A N K  0 4 3 9 0 1 < 0 2 0 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 6 < 0 0 2 0 < 0 5 0 0 < 0 0 3 0 < 0 0 0 5
S C H K t t
E P A  2 0 0  1 5  B L A N K 5 / 1 M 1 < 0 0 5 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < . 1 0 0 0 < 0 0 0 6 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 1 0 0 < 0 5 0 0 < 0 0 3 0 < 0 0 0 5
E P A  2 0 0 . 1 5  B L A N K  R Q S I  0 0 1 0 . 5 1 2 1 0 5 3 3 3 0 . 1 0 5 3 9 2 1  2 7 0  2 0 6 8 0 2 1 1 4 0 5 3 1 5 0 5 0 6 9 0 . 5 2 7 3 5 1 6 6 0 5 3 2 9 5 . 1 7 2 0 . 5 3 3 6 0 . 2 1 1 1 1 0 6 5 0 5 2 6 6 1  0 7 3 0 S 2 7 1 5 3 3 5 5 . 2 9 9 0  2 0 1 2 0  5 3 2 6 0 1 0 4 6 0  5 1 7 9
% R « c o v « r v 1 . 0 2 4 2 1 . 0 6 6 6 1  0 6 9 6 1 0 5 3 9 1 0 6 3 5 1 . 0 3 4 1 0 5 7 1 . 0 6 3 1 0 1 2 6 1 . 0 6 4 6 0 . 6 8 6 1 6 7 1 0 3 4 4 1 0 6 7 2 1 0 6 5 5 1  0 6 6 1  0 5 3 6 1  0 7 3 1 0 5 4 2 1 0 6 7 1 0 5 9 8 1  0 0 8 1 . 0 6 5 2 1 . 0 4 8 1 0 7 3 1 0 3 5 8
1 3 4 6 2 2  0 4 2 9 0 1 S I  S O I 0 , 0 1 2 2 < 0 0 5 0 0 0 6 6 5 < 0 0 0 1 0 4 2  9 5 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 0 0 1 7 5 0 0 1 4 2 2 . 3 2 0 0 0 3 1 1 7  8 5 0 . 0 0 0 7 < 0 0 3 0 4 7 0 4 < 0 0 2 0 < 0 1 0 0 < 0 1 0 0 4 . 0 6 2 7  9 7 2 0 0 8 4 5 0 . 0 1 5 9
9 3 % 1 2 4 $ 2 2  0 4 2 9 0 1  R Q S 1 & 0 1 0  5 2 5 4 0 5 3 6 3 0 5 7 6 5 0 . 1 0 0 8 9 5 6  0 3 0 2 0 4 5 0 . 2 0 3 2 0  5 1 4 6 0  5 2 2 8 0  5 2 4 8 7 0 6 5 0  5 1 5 5 2 1 3 8 0 5 1 5 6 0 . 2 0 5 3 1 4  2 8 0 . 5 0 6 2 1 . 0 3 0 . 5 1 5 9 9 . 2 1 1 0 1 9 1 1 0  5 6 5 9 0 1 0 3 9 0 . 2 1 0 8 0  5 2 5 6
%  R w o v e r v 1 . 0 2 6 1 0 8 1 . 0 7 2 6 0 . 9 9 2 1 1 0 9 0 4 3 2 5 1  0 2 2 5 1  D i e 1 0 2 9 2 1 . 0 1 3 0 5 0 9 6 1 4 8 0 8 5 4 3 6 2 0 . 9 5 5 9 1 0 2 9 8 9 8 1 . 0 2 6 5 0 . 9 9 0 5 2 6 1 0 1 0 4 1 0 3 1 . 0 3 1 0 1 0 6 6 6 6 8 0 . 9 5 5 5 0 . 9 7 4 6 3 1 . 0 3 9 1  0 5 4 1 . 0 2 1 6 2 6
D u p l i c a t a
6 7 4 6 0  0 4 3 9 0 1 S 1 0 D 1 < 0 0 5 0 0  0 4 2 8 2 0  3 1 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 . 0 1 8 6 1 . 2 6 < 0 0 1 5 S .  7 0 3 0 . 0 0 4 7 < 0 0 3 0 4 3 1 3 1 0 4 9 7  4 9 2 < 0 0 3 0 0  0 4 3 2 < 0 0 5 0 < 0 0 5 0 0 0 6 7 7
6 7 4 6 0 0 4 2 9 0 1 S 1 0 0 1 < 0 0 5 0 0 . 0 4 3 2 2 0 1 3 < . 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 . 0 1 6 2 1 . 2 7 5 < 0 0 1 5 5 8 8 3 0 0 0 4 7 < 0 0 3 0 4 . 2 6 1 7 4 5 4 < 0 0 3 0 0  0 4 3 3 < 0 0 5 0 < 0 0 5 0
%  D i M y p n c p 0 . 9 3 % 0  8 9 % 2 1 7 % 1 . 1 8 % 0 . 3 5 % 0 0 0 % 0 7 4 % 0  5 1 % 0 . 2 3 %
1 4 4 6 4 2  0 4 2 9 0 1 S I  0 0 1 < 0 0 5 0 3 9  1 3 < 0 0 3 0 < 0 0 3 0 0 0 0 8 6 2  2 8 4 0 0 0 3 1 1 8 4 7 < 0 0 0 6 < 0 0 3 0 4 . 9 7 5 7  6 3 7 < 0 0 3 0
1 4 5 6 7 6  0 4 2 9 0 1 < 0 0 5 0 0 0 4 7 9 < 0 0 0 1 0 1 6 . 2 6 < 0 0 3 0 < 0 0 5 0 0 1 0 6 0 1  3 0 8 0 0 0 1 6 5 . 2 2 1 0 . 0 0 4 < 0 0 3 0 4 6 6 8 < 0 0 2 0 7 7 6 9 < 0 0 3 0 0 . 0 4 2 1 < 0 0 5 0 0 0 1 1 6
1 5 7 4 6 1  0 4 2 9 0 1 S 1 O 0 1 0  0 6 2 1 0 . 0 7 6 6 < 0 0 0 1 0 3 2 6 0 0 0 9 5 < 0 0 5 0 0 0 0 7 1 3 . 4 4 8 0 0 1 1 4 > 5 0  0 0 0 0 0 1 7 0 0 0 6 7 8  8 3 5 0  0 3 1 6 8 2 5 8 3 2 < 0 0 3 0 0 2 6 4 7 < 0 0 5 0 0 0 1 2 3
6 7 4 6 6  0 4 2 9 0 1  t I A S I  0 0 1 < 0 0 5 0 0 0 7 1 1 < 0 0 0 1 0 3 9 2 < 0 0 3 0 < 0 0 5 0 0 0 0 6 6 2 . 2 7 9 0 0 0 3 3 1 5 . 2 7 < 0 0 0 5 < 0 0 3 0 4  7 4 4 < 0 0 2 0 2 . 7 1 8 7 . 5 9 4 < 0 0 3 0 0 . 0 7 4 6 < 0 0 5 0 0 0 0 4 7
6 7 5 3 0  0 4 2 9 0 1 S 1 0 0 1 < 0 0 0 1 0 1 6 7 < 0 0 3 0 < 0 0 5 0 0 0 1 6 5 1 . 0 3 1 < 0 0 1 5 4 1 6 6 0 . 0 1 2 1 < 0 0 3 0 2 8 4 2 1 . 1 2 3 5 6 1 4 0 . 0 3 3 6 < 0 0 5 0
6 7 5 3 0 1 0 4 2 9 0 1 < 0 0 5 0 0  0 2 7 6 1 1 . 5 3 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 . 0 4 4 8 1 1 0 9 0  0 0 1 5 3 6 6 1 3 6 5 4 1 0 4 4 6  3 9 6 0 0 3 3 2 < 0 0 5 0
F I E L D  B L A N K  0 4 2 9 0 1 < 0 0 5 0 < 0 0 0 5 < . 0 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 1 0 0 < 0 1 0 0 < 0 5 0 0 < 0 0 0 5 < 0 0 5 0
S T D 1 2 0  4 5 9 1 9 5 7 2  6 4 1 1 6 1 0 7 3 1 5 3 6 1 2 Ï 6 Ô 1 9 4  2 9 7 4 8 1  4 7 0 5 2 2 9  0 6 6 6 6  6 5 2 7 5 4 2  9 2 9 5 4 0 5 0 7 1 0 7  0 2 4 1 4 6 7 . 4 4 3 1  7 4 6 3 5 2 7 8 9 4 9 4 . 1 2 1 3 1 7  4 4 9 5 1 3 1 7 8 5 1 8 9  4 8 7 1 2 3  5 3 5
S T 0 1 3 1  7 0 1 1 7 5 3 3  9 5 1 1 6 3 6 5 5 0 6 6 . 0 8 2 5 6 6 9 1 4 2 . 2 5 6 1 6 8  4 0 3 9 7  5 6 4 2 4 2 7 . 4 4 6 2 9 7 4  1 9 1 0 5  2 6 3 1 8 6 0 7 2 4 4 0 9 9 1 3 0 2 . 9 9 1 1 5 1 0 5 9 2 6  5 1 4 1 2 3 5 5 1 7 2 2 3  8 9 1 2 9  9 4 6 9 5  3 5 0 6
S T 0 1 > 1  0 0 0 > 2  0 0 0 > 5 0 0 0 > 5 0 0 0 > 1 0 0 0 > 2 0 0 0 > 6 0 0 0 > 5 0 0 0 > 2 0 0 0 > 1 0 0 0 > 5  0 0 0 > 5  0 0 0 1 9 7 9 > 5 . 0 0 0
S T D 1 2 7 . 5 5 3 7 7 3 1 1 . 2 7 1 0 2 . 0 5 1 8 7  0 8 6 2 3 0 6 3 . 2 8 9 6  2 9 1 9 1 7 0 0 . 6 3 4 0 . 3 7 8 8 3 1 9 . 6 5 2 1 3 3  7 9 7 2 3  7 5 2 5 2 0 . 2 5 7 8 6  5 6 4 4
S T D t » 1  0 0 0 > 2 . 0 0 0 > 5 0  0 0 > 5 0 0 0 > 1 0  0 0 > 5 0  0 0 > 2 0 0 0 > 1 0 0 0 > 5  0 0 0 > 5  0 0 0 > 5 0 0 0
7 / 1 7 4 3 1 7 8 2 > 1 . 0 0 0 > 2 0 0 0 0 > 2 0 0 0 > 5 0  0 0 > 5 0 0 0 > 2 0 0 0 > 5 0 0 0 > 5 . 0 0 0 > 5  0 0 0 1 9 8 5 > 5 0 0 0
7 / 1 7 / 0 1 7 5 . 0 4 > 1 0 0 0 > 2 0 0 0 0 > 2 : 0 0 0 > 5 0 0 0 > 5 0 . 0 0 > 2 . 0 0 0 > 5 0 . 0 0 > 5 . 0 0 0 > 2 0 . 0 0 > 5 0 0 0 > 5  0 0 0 1 8  1 1 > 1 0 , 0 0 > 5 0 0 0
7 / 1 0 0 1 0  4 9 6 9 0 4 7 6 5 0  5 2 1 3 > . 2 0 0 0 0 1 0 . 2 2 0 5 0 5 0  5 2 3 5 0  5 0 3 0  4 9 9 5 0 5 0 5 7 5 2 3 0 5 1 1 0 1 9 0 5 1 3 4 0 5 2 4 8 0 . 5 0 8 5 0 5 0 7 5 0 . 4 6 0 2 0 5 0 4 2
7 / 1 0 0 1 0 . 4 6 5 3 0 4 0 3 6 0 4 6 0 4 > 5 0 0 0 0 8 6 4 8 0 4 5 2 2 0 4 4 0 2 0 4 3 1 9 0 4 6 3 0  4 2 7 2 4 8 2 6 0  4 9 3 5 8 9 7 2 0 4 4 8 6 0 . 4 4 7 1 1 0 0 5 0 . 4 2 8 4 0  4 2 7 3 0 4 1 9 1 0  3 7 9 5 0 3 7 8 0  4 4 5
7 / 1 6 0 1 0 5 1 9 0 5 0 2 6 0 S 4 5 1 > 2 0 0 0 0 1 0 6 5 0  5 4 0 9 0  5 2 3 6 0  5 2 1 7 0 5 1 8 6 5 4 1 4 0 . 5 2 8 7 1 0 6 6 0  5 3 3 9 0 5 3 4 6 1 0 9 4 0 . 5 2 6 6 0 . 5 2 6 1 0 5 2 3 7 0  5 4 4 3 0 . 4 4 1 5 0  5 3 0 5 0 5 3 4 4
7 / 1 0 0 1 0 . 4 9 0 6 0  4 7 1 7 0 . 5 1 4 6 > 2 0 0 0 0 9 9 7 4 0 . 5 1 3 1 0 4 9 1 9 0 4 9 5 9 0 4 8 9 6 5 1 4 0 5 0 5 3 1 0 0 6 0 5 0 5 6 0 . 5 0 6 8 1 0 3 2 0 . 4 9 9 6 0 5 0 4 9 3 9 0  5 2 5 9 0  4 3 7 7 0  5 0 2 0 4 9 8 8
0  4 8 7 0 5 0 9 9 > 2 0 C O 0 9 6 1 5 0 4 8 6 1 0  4 8 4 2 0 . 4 9 1 5 0 4 6 7 6 0 5 0 4 3 9 9 1 0 . 4 8 4 7 0 . 4 8 4 7 0 . 4 7 2 6 0  4 7 5 0  4 8 5 2 0 . 4 0 9 1 0  4 9 0 9 0 4 9 5 4
0 . 5 2 3 2 > . 2 0 0 0 0 1 0 0 9 0 . 5 0 6 1 0 5 2 2 8 0 5 0 1 3 0  4 9 9 2 5  2 3 6 0 5 0 9 7 1 0 1 7 0 5 1 4 0 5 1 5 2 0 . 5 0 6 2 0 5 0 5 3 0 . 5 0 7 1 0 5 1 4 9
0 4 9 5 4 0 5 1 2 6 > 2 0 0 0 0 1 0 4 2 0 5 1 0 9 0  5 3 3 9 0 5 0 9 0 S 0 Ô 6 0 . 5 0 8 9 5  2 0 4 Û . S 1 0 6 1 0 2 7 0 5 2 4 8 0 . 5 2 7 4 0 . 5 2 0 8 0  5 2 0 4 0 5 1 7 9 0 . 5 3 8 6 0 5 1 9 7 0 5 1 4 3
0 4 9 6 2 0 5 1 4 5 > 2 0 0 0 0 1 0 5 8 0 . 5 1 5 1 0  5 3 9 2 0 5 1 3 8 0  5 0 5 1 0 5 1 2 1 5  2 2 4 0 5 1 4 3 1 0  4 1 0 . 5 2 9 1 0 . 5 3 2 3 1 0 4 1 0 5 2 6 0 . 5 2 4 9 0 5 2 2 7 0 5 4 5 6 0  5 2 0 6 0 5 2 4 4
> 2 0 0 0 0 1 0 1 6 0 5 0 2 1 0 5 2 5 0 4 9 6 4 0  4 9 6 3 0 4 9 6 5 5 1 4 0 5 0 6 6 1 0 1 1 0 5 1 4 8 0 . 5 1 7 3 1 0 . 2 8 0 . 5 1 0 7 0 5 0 6 9 0 5 0 6 8 0  5 3 0 3 0 5 1 1 3 0 5 0 4 0 5 1 2 3
> 2 0 0 0 0 1 0 3 7 0 4 9 6 1 0 5 2 2 8 0 5 0 2 8 0 5 0 3 4 0  4 9 3 6 5 1 6 2 0 5 1 0 5 1 0 . 2 7 0 . 5 1 6 4 0 . 5 1 3 8 1 0 4 4 0 . 5 0 7 1 0 5 0 6 7 0 5 0 4 5 0 . 5 2 2 3 0 5 1 2 3 0 . S 1 4 S 0 . 5 1 1 1
• 0  0 0 0 9 2 1 6 4 3 8 1 - 0 0 4 5 0 3 2  2 6 1 4 0  4 3 3 0 3 0 5 3 2 0 . 1 7 3 2 2 - 0  4 6 0 7 • 0 1 2 4 6 1 7 . 9 4 7 7 8 . 5 9 9 7 7 0 . 3 3 5 4 1 0  7 9 3 8 8 - 0 . 2 0 7 8 6 7  4 9 7 7 1 0 1 1 4 7 3 0 0 2 5 9 1 0 1 1 6 5 8 0  1 7 9 4 9 2 . 8 2 5 3 4 - 0 2 4 3 3
0  0 1 7 5 8 3 0 6 5 4 6 3 2 1 8 8 0 . 7 0 5 9 5 0 6 3 2 6 6 0 2 1 4 2 3 - 1  5 2 5 3 • 0  2 5 5 3 7 2 8 . 1 5 6 7 1 2 9 3 8 2 0 4 3 5 8 0 . 7 9 5 7 5 - 0 2 3 9 3 3 1 2 4 6 7 0 . 2 3 1 9 3 0 . 0 3 8 2 4 0 . 2 1 2 1 9 0  3 4 3 5 7 4 1 1 2 6 2 9 2 0 7 0 1
0 0 2 6 6 > 1 . 0 0 0 3  2 7 8 0 5 5 8 9 > 2 0 0 0 0  4 8 2 6 1 . 1 8 8 < 0 0 3 0 1 1 4 2 0 2 2 3 0 0 5 9 2 0 2 0 0 5 0  2 8 8 1 > 1 0 0 0 > 5  0 0 0
2 . 7 0 7 5 0 6 9 9 4 9 0 4 8 6 5 3 2 5 0 4 9 6 9  4 0 9 9 7 0  4 7 9 3 5 0 7 1 2 4 8 • 0 2 7 0 1 7 1 0 8 7 3 5 2 9 2 7 6 7 8  4 0 3 1
3 6 1 5 0 6 7 5 4 0  4 7 7 4 < 0 0 3 0 > 2  0 0 0 0  4 2 0 1 0  7 6 4 2 < 0 0 3 0 1 0 6 5 0 0 3 2 7 < 0 0 5 0
7 / 1 7 0 1 0 6 4 9 5 0 4 3 3 < 0 0 3 0 > 2 0 0 0 0 . 3 3 5 4 0  6 9 3 8 < 0 0 3 0 1 0 0 2 0 0 3 5 8 0 . 1 4 2 5 0 2 6 5 9 < 0 0 5 0
C A L  B L A N K 7 / 1 0 0 1 < 0 0 0 5 < 0 0 0 1 0 < 0 0 1 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 1 0 0 < 0 5 0 0 < 0 0 3 0 < 0 0 5 0
C A L B L A N K 7 / 1 6 0 1 < 0 0 0 5 0  0 0 0 2 7 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 t S < 1 0 0 0 < 0 0 0 5 < . 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 5 0 0 < 0 0 3 0 < 0 0 0 5 < 0 0 5 0 < 0 0 5 0
C A L B L A N K 7 / 1 7 0 1 < 0 0 0 5 < 0 0 0 1 0 < 0 0 5 0 < . 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 5 0 0 < 0 0 0 5 < 0 0 5 0 < 0 0 5 0
C A L  B L A N K < 0 0 6 0 < 0 0 0 5 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 5 0 0 < 0 0 0 5 < 0 0 5 0 < 0 0 5 0
C A L  B L A N K 7 / 1 7 / 0 1 < 0 0 5 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 3 0 < 5 0 0 0 < 0 0 0 5
C A L B L A N K < 5 0 0 0 < 0 0 1 5 < 0 0 3 0 < 5 0 0 0 < 0 0 0 5
C A L  b l a n k  R Q 0 1 9 6 5 1 6 0 5 3 6 6 0 5 0 6 7 0 . 2 0 2 4 1 0 4 5 0 4 9 5 3 4  8 1 4 5  2 7 7 0 1 9 9 0 5 2 1 9
%  R e e o v t f v 9 9 . 0 % 1 0 3 . 2 % 8 9 6 % 1 0 1  3 % 1 0 1 . 2 % 9 8  6 % 9 9 1 % 9 6  3 % 1 C 6 . S % 9 9  5 %
6 5 9 9 2  0 6 1 4 0 1 < 0 0 3 0 2 . 3 3 1 0 0 0 1 0 0 0 5 4 3  3 0 9 5  3 9 9
9 3 % 6 & 9 9 2  0 6 1 4 0 1  
9 3 % 6 5 9 9 2  0 6 1 4 0 1  R Q
< 0 0 0 9 < 0 0 2 6 2 1 6 8 0 0 0 0 9 0 . 0 0 5 1 < 0 0 2 8 0 0 9 9 5
0 0 9 4 6 9 0 1 8 5 1 0 1 6 6 2 0 1 8 0 6 2 1  3 0 1 6 5 4 0 5 7 7 2
% R * c o r t ï V 9 6  7 % 9 1  4 % 8 7  3 % 8 7 . 7 % 9 9  9 % 8 2 . 7 % 9 5  5 %
~  0 6 3 8 9  0 6 1 4 0 1  
9 3 %  1 3 6 3 6 9  0 6 1 4 0 1  
9 3 % 1 3 6 3 8 9  0 6 1 4 0 1  R Q  
% R e c o v e r y
2 . 0 4 5 3 6  7 6 *0005 0 0 0 3 3 3 0 1 1
3 4 1 9 < 0 0 0 5 0 0 0 3 1 2 8  0 1_0 4 6 8 8 0  1 7 9 2 0 1 7 3 3 7  7 1
8 9  6 % 6 3  7 % 6 6 . 6 % 6 5 0 % 9 7  0 %
O I T C H  S  0 6 1 4 0 1 5  0 5 6 < 0 0 1 5 1 8 2 1 < 0 0 3 0 < 0 0 2 0
D I T C H  S  0 6 1 4 0 1  
D I T C H  5  0 6 1 4 0 1  R Q  
%  R a c o v e q
1 6 0 0 3 ^ 0 6 1 ^ 1  
9 3 %  1 6 6 0 3 5  0 6 1 4 0 1  
9 3 % I 6 6 0 3 5  0 6 1 4 0 1  R Q  
% R e c o v e r v
4 . 7 0 2 < 0 0 1 4 < 0 0 2 8
0 5 1 5 4 2 3 1 5 0  4 8 5 1
^ ! ? o l
9 7 . 2 % 9 7  0 %
0  0 0 6 3 0  0 0 1 7
W 4 Î T
0  0 9 4 9 2  4 0  3 8 0  1 8 8 3 1 3 . 9
9 4  4 % S G 4 « 9 4  9 %  1 8 2  9 % 9 3 . 3 % 6 8 7 %  1 9 0 . 5 %  1 9 3 . 6 % 8 7 , 9 % _ â 4 ^ 8 5 1 % 9 0  5 % 9 3  2 % . 8 7 . 5 T S ^ 9 1 . 2 % 8 9 . 5 % 6 0 . 4 % 9 1  9 %
O n
00
Table D7 continuée1; Raw Cation Dala ------ 1----------
S a m p l e  N a m * U 3 9 6 1 A s 1 S 9 0  I B # 4 $ 3 4 MU$ C e j u a cezaia C r 2 $ n C U 3 2 4 T m m K  7 6 9 6 L I 6 T 0 7 M g 2 9 3 H M n l 6 0 5 MO2020 N*56$# N I 2 3 1 6 P 1 7 I 2 P b 2 3 0 3 S 1 8 0 7 S12516 !snia99
6 7 4 3 8  0 6 1 4 0 1 1  7 / 1 7 / 0 1 < 0 0 5 0 < 0 0 0 1 0 1 7  4 7 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 0 . 0 0 5 9 0 0 0 5 9 2  6 3 7 0  0 1 3 4 4 3  7 1 < 0 0 0 5 0 0 0 3 8 1 0 . 8 3 < 0 0 2 0 < 0 1 0 0 <  0 1 0 0 5  3 6 7  <  0 0 3 0
9 3 % 6 7 4 3 8  0 6 1 4 0 1 < 0 0 9 3 < 0 0 4 7 0 0 4 5 1 < 0 0 0 0 9 1 6  2 5 < 0 0 0 9 < 0 0 2 6 < 0 0 4 7 0  0 0 5 5 0 0 0 5 5 2  4 5 3 0 0 1 2 5 4 0 6 5 < 0 0 0 5 0 0 0 9 6 1 0  0 7 < 0 0 9 3 < 0 0 9 3 4 0 9 3 < 0 0 2 8 0  1 9 7 2 < 0 0 4 7 < 0 0 4 7
B 0 % 6 7 4 3 8  0 6 1 4 0 1  R Q 0  4 7 3 4 0  4 2 1 5 0 5 1 9 2 0 . 0 9 5 5 9 3 3  0 7 0 1 6 7 6 0 1 7 9 1 0 4 5 4 0  4 7 5 3 0 4 4 4 4 7  1 6 3 0  5 0 6 6 4 5  7 3 0 4 5 4 5 0 1 6 6 3 1 9 5 1 0  4 4 2 1 0 9 1 8 7 0  4 5 2 6 9  2 3 8 > 1 0 . 0 0 0 1 7 7 6 0  6 6 1 7% 9 4 . 7 % 8 4 . 3 % 9 4  8 % 9 5  6 % 6 4 . 1 % 9 3  8 % 8 9  6 % 9 0 8 % 9 4  0 % 8 7  8 % 9 4  6 % 6 2  4 % 1 0 1  6 % 9 0 . 9 % 9 1  4 % 9 4  4 % 9 1 . 9 % 1 0 2  9 % 9 3  8 ^
1 4 1 3 2 3  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 1 0 0 < 0 0 5 0 0  0 4 6 2 0 . 0 0 0 1 3 2 0 6 9 < 0 0 1 0 < 0 0 5 0 < 0 0 3 0 0 . 0 0 8 6 1 . 6 7 4 0 0 0 6 2 2 6 9 9 < 0 0 0 5 0  0 0 3 6 1 2 . 4 4 < 0 1 0 0 2 . 3 3 3 9 5 9 2 < 0 0 3 0 0 1 9 8 5 < 0 0 5 0 < 0 0 5 0 0  0 0 7 6
9 3 ^ 1 4 1 3 2 3  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 0 9 3 < 0 0 4 7 0 0 4 3 0 . 0 0 0 1 2 1 9 2 4 < 0 0 0 9 < 0 0 4 7 < 0 0 2 6 0 0 0 6 1  5 5 7 0 0 0 5 8 2 5 1 < 0 0 0 5 0 0 0 3 3 1 1 . 5 7 < 0 0 1 9 < 0 0 9 3 < 0 0 9 3 2 . 1 7 8  9 2 1 < 0 0 2 0 0 1 6 4 6 < 0 0 4 7 < 0 0 4 7 0  0 0 7 1
9 3 % 1 4 1 3 2 3  0 6 1 4 0 1  R Q 7 / 1 7 / 0 1 0 5 0 5 1 0  4 5 8 3 0 5 3 6 8 0 . 1 0 2 9 7 3 7 . 2 6 0 . 2 0 2 6 0 1 9 6 1 0 4 9 0 5 0 . 5 0 0 3 0 4 9 9 3 6 . 6 2 5 0  5 2 7 6 3 0 0 7 0 4 9 4 3 0 2 0 9 1 2 1 3 0  4 8 6 7 1  0 0 5 0 4 9 6 1 7 . 6 1 > 1 0 0 0 0 1 9 6 1 0 6 7 9 2 0 1 0 0 4 0 1 9 6 6 0  5 0 7 9
%  R e c o v e r y 9 1  7 % 9 6 . 6 % 9 0 . 1 % 1 0 1  3 % 9 8 1 % 9 8 1 % 1 0 0 . 1 % 9 6  3 % 1 0 1 . 4 % 8 7 . 0 % 9 9 4 % 9 8  9 % 9 9  9 % 9 7  3 % 9 7 . 3 % 1 0 0 . 5 % 9 9  6 % 1 0 6 . 8 % 9 9 1 % 9 8  9 % 1 0 0 4 % 9 8  3 %
1 5 7 4 6 1  0 6 1 4 0 1 < 0 0 5 0 0 0 6 6 1 5 2 6 9 < 0 0 1 0 < 0 0 5 0 < 0 0 3 0 0  0 1 2 7 2 . 2 6 4 0 0 0 7 7 4 1  3 7 0 . 0 0 1 2 < 0 0 3 0 5  3 3 8 8 5 8 < 0 0 3 0 0 2 6 5 9 < 0 0 5 0 < 0 0 5 0 0 0 0 8
9 3 % 1 5 7 4 6 1  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 0 9 3 < 0 0 4 7 0 0 6 3 4 < 0 0 0 0 9 4 9 < 0 0 0 9 % 0 0 2 6 < 0 0 4 7 < 0 0 2 6 0 0 1 1 9 2 . 1 0 6 0  0 0 7 2 3 8  4 8 0 0 0 1 1 < 0 0 2 8 4 9 6 4 < 0 0 1 9 < 0 0 9 3 < 0 0 9 3 1 7 2 6 < 0 0 2 8 0 . 2 4 7 3 < 0 0 4 7 < 0 0 4 7 0 0 0 7 4
9 3 %  1 5 7 4 6 1  0 6 1 4 0 1  R Q 7 / 1 7 / 0 1 0 4 9 5 7 0 . 4 6 2 1 0 5 5 1 2 0 . 1 0 1 4 4 6 6 . 1 6 0 . 1 9 9 4 0 1 6 9 9 0 4 8 6 6 0 5 0 0 2 0 4 8 2 1 7 . 1 5 4 0 5 3 3 9 4 3  6 6 0 4 6 5 7 0 1 9 5 9 1 5 . 1 6 0 . 4 7 2 1 0 9 9 5 9 0 4 8 6 9 7 2 1 2 0 . 1 9 0 9 0 7 2 6 5 0 0 9 8 1 0 1 9 7 0 5 0 0 5
%  R e c o v e r y 9 9 1 % 9 2 . 4 % 9 7 . 6 % 1 0 1 . 4 % 6 5 . 9 % 9 9 . 7 % 9 7  3 % 1 0 0 . 0 % 9 4  0 % 1 0 1 0 % 6 7  6 % 1 0 3 6 % 9 6 . 0 % 1 0 2 . 0 % 9 4 . 4 % 9 9  6 % 9 7  4 % 1 0 9  7 %
F B  0 6 1 4 0 1 7 / 1 6 / 0 1 < 0 1 0 0 < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 < 0 2 0 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 1 0 0 < 0 5 0 0 < 0 0 0 5 boab < 0 0 5 0
F B  0 6 1 4 0 1 7 / 1 6 Æ U < 0 1 0 0 < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 < 0 2 0 0 < 0 0 3 0 * 0 0 5 0 < 0 0 3 0 < 0 0 1 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 1 0 0 < 0 5 0 0 < 0 2 0 0 < 0 0 3 0 < 0 0 0 5 . 0 0 5 0 < . 0 0 5 0 < 0 0 1 0
1 3 0 9 3 9  0 6 1 4 0 1 7 / 1 6 / 0 1 < 0 1 0 0 0 . 0 0 5 9 0 . 0 4 5 4 < 0 0 0 1 0 2 0  5 4 < 0 0 5 0 0 0 0 6 5 0 . 0 0 5 3 2 . 1 0 6 0 0 0 5 9 3 9  3 5 0 0 1 0 7 0 . 0 0 4 8 1 5 1 2 < 0 1 0 0 5 6 9 5 6  7 9 3 < 0 0 3 0 0 1 2 6 7 0 0 5 0 < 0 0 5 0 0  1 6 2 2
1 3 0 9 3 9  0 6 1 4 0 1 7 / 1 6 f f l 1 < 0 1 0 0 0 0 0 6 8 0  0 4 7 < 0 0 0 1 0 2 3 0 1 < . 0 0 3 0 < 0 0 5 0 0 0 0 6 9 0 0 0 5 6 2 . 1 4 6 0 0 0 6 7 4 2  7 9 0 0 1 1 5 0 0 0 5 3 1 5 3 < 0 1 0 0 6 5 3 5 7 . 2 7 6 <  0 0 3 0 0 1 2 9 8 0 0 5 0 < 0 0 5 0 0 1 7 5 5
1 3 0 9 3 9  0 6 1 4 0 1  I A 6 D U P 7 / 1 M 1 < 0 1 0 0 0 0 0 6 4 0 0 4 6 4 < 0 0 0 1 0 2 2 . 1 1 < 0 0 3 0 < 0 0 5 0 0 0 0 8 9 0  0 0 5 4 2 1 3 6 0 0 0 6 2 4 1  6 6 0 0 1 1 1 0 0 0 5 1 5 . 0 6 < 0 0 2 0 < 0 1 0 0 6 . 3 6 5 7  1 3 2 < . 0 0 3 0 0 . 1 2 0 4 0 0 5 0 < 0 0 5 0 0 1 7 1 9
%  D i f f e r e n c e 6 0 6 % 1 . 2 8 % 3 . 9 9 % 0 0 0 % 3 6 4 % 0 . 4 7 % 7 . 7 5 % 2 . 2 0 % 3 . 5 4 % 5 6 3 % 1  4 5 % 2  6 4 % 2 . 0 0 % 2 0 7 %
1 S 4 0 6 5  0 6 1 4 0 1 7 / 1 G / 0 1 < 0 1 0 0 < 0 0 5 0 0 . 0 8 0 4 < 0 0 0 1 0 2 0  3 1 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 9 6 2 . 0 9 0 . 0 0 7 3 6  2 3 < 0 0 0 5 < 0 0 3 0 2 2 . 0 4 < . 0 0 2 0 < 0 1 0 0 2 . 9 5 6 9 6 4 6 < 0 0 3 0 0 0 5 0 0 0 0 4 9
1 5 4 0 6 5  0 6 1 4 0 1 < 0 1 0 0 < 0 0 5 0 0 . 0 7 9 9 < 0 0 0 1 0 2 1  2 6 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 9 6 2 . 0 7 3 0 0 0 6 9 3 5  9 2 < 0 0 0 5 < 0 0 3 0 2 1 . 8 9 < 0 0 2 0 < 0 1 0 0 3 . 2 2 5 < 0 0 3 0 0 . 1 5 0 4 0 0 5 0 < 0 0 5 0 0 . 0 0 5 2
6 7 4 1 6  0 6 1 4 0 1 < 0 1 0 0 < 0 0 5 0 0 0 3 2 3 < 0 0 0 1 0 2 0 6 6 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 2 2 8 1  1 6 4 < 0 0 1 5 7 1 4 0  0 0 1 3 < 0 0 0 0 2 6 2 6 < 0 0 2 0 < 0 1 0 0 0 8 7 2 5 6 . 1 5 8 < 0 0 3 0 0 0 5 5 3 0 0 5 0 < 0 0 5 0 0  0 4 8 7
6 7 4 1 6  0 6 1 4 0 1 < 0 1 0 0 < 0 0 5 0 0 0 3 4 7 < 0 0 0 1 0 2 3 6 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0  0 2 6 3 1  2 6 1 0 0 0 1 6 7 9 1 2 0 0 0 1 7 < 0 0 3 0 2 . 7 1 7 < 0 0 2 0 < 0 1 0 0 1  0 9 6 8 7 9 < 0 0 3 0 0 0 5 9 4 0 0 5 0 < 0 0 5 0
1 3 2 6 2 1  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 1 0 0 0 . 0 1 4 7 0  0 2 9 6 < 0 0 0 1 0 2 8 1 3 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 7 5 4 9 5 1 0  0 0 3 2 4 2 . 2 4 < 0 0 0 5 < 0 0 3 0 7 9 1 4 < 0 1 0 0 3 9 1 1 7  4 6 4 < 0 0 3 0 0 . 1 0 3 3 0 0 5 0 < 0 0 5 0
1 3 2 6 2 1  0 6 1 4 0 1  t A B O U P 7 / 1 7 / 0 1 < 0 1 0 0 0  0 1 4 3 0 0 2 8 7 < 0 0 0 1 0 2 7  0 7 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 7 6 4 . 6 6 1 0 . 0 0 3 1 4 1 3 < 0 0 0 5 < 0 0 3 0 7 . 6 4 5 < 0 0 2 0 < 0 1 0 0 3  8 0 1 7 2 8 5 < 0 0 3 0 0  1 0 1 0 0 5 0 < 0 0 5 0 0 0 1 4 7
% D i f f e r e n c e 2 7 6 % 3 . 7 6 % 3  6 4 % 1 . 3 2 % 1 . 6 3 % 3 , 1 7 % 2 . 2 5 % 3 . 4 6 % 2 . 6 5 % 2 4 3 % 2 2 5 % 5 - 3 0 %
6 5 9 6 3  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 1 0 0 < 0 0 5 0 0 0 9 4 3 < 0 0 0 1 0 6 1  7 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 1 3 1 1  9 3 1 0 0 0 5 6 2 4  7 5 < 0 0 0 6 < 0 0 3 0 5  0 6 7 < 0 1 0 0 1  9 6 6 > 1 0 0 0 < 0 0 3 0 0 . Z Z 2 2 0 0 5 0 < 0 0 5 0 0 0 6 1 3
6 5 9 6 3  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 1 0 0 < 0 0 6 0 0 . 0 9 2 5 < 0 0 0 1 0 6 3  3 5 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 1 2 5 0 0 0 5 8 2 5  3 3 < 0 0 0 5 < , 0 0 3 0 5 . 3 3 9 < 0 1 0 0 2 . 0 1 > 1 0 0 0 < 0 0 3 0 0 . 2 2 5 4 0 0 5 0 < 0 0 5 0 0 0 6 2 9
P U M P C O  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 1 0 0 < 0 0 5 0 0 0 7 6 4 < 0 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 6 2 3 . 0 7 6 0 0 0 4 1 1 7 6 9 < 0 0 0 5 < 0 0 3 0 5 0 0 3 < 0 0 2 0 < 0 1 0 0 1 6 2 5 8  4 2 0 0 9 6 1 0 0 5 0 < 0 0 5 0 0 0 0 2
U M P C O  0 6 1 4 0 1  L A B D U P 7 / 1 7 / 0 1 < 0 1 0 0 < 0 0 5 0 0 0 7 6 2 < 0 0 0 1 0 3 7 . 9 < - 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 7 7 3 0 7 6 0  0 0 3 6 1 7 6 6 < 0 0 0 5 < 0 0 3 0 5 . 0 4 7 < 0 0 2 0 < 0 1 0 0 1  6 1 9 8  3 9 2 0 0 9 5 3 < 0 0 5 0 0 0 0 1 5
%  D i l t a r e n c e 0  2 6 % 1 . 1 0 % 6 . 2 9 % 0 . 0 6 % 7 . 5 9 % 0 . 0 6 % 0 8 6 % 0 3 7 % 0  3 3 % 0 8 4 % 2 8  5 7 %
1 8 3 1 2 9  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 1 0 0 < 0 0 5 0 0 0 3 2 4 < 0 0 0 1 0 1 9 . 7 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 0 0 1 1 1 0 0 0 9 6 1 . 6 7 5 0 0 0 6 3 0  6 2 < 0 0 0 5 < 0 0 3 0 1 5 . 6 6 < 0 0 2 0 < 0 1 0 0 2 1 9 4 9  3 0 3 < 0 0 3 0 0 1 9 7 2 < 0 0 5 0
1 6 3 1 2 9  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 1 0 0 < 0 0 5 0 0 . 0 3 1 7 0 . 0 0 0 1 5 2 0 7 4 < 0 0 1 0 < . 0 0 3 0 < 0 0 5 0 0 0 0 9 9 1 6 5 6 0 0 0 6 5 3 2 . 2 5 0 0 0 0 5 0 . 0 0 3 5 1 6 . 3 < 0 0 2 0 0 1 0 0 2  3 8 6 9  6 1 4 0 . 2 0 6 5 < 0 0 5 0
D I T C H  S  0 6 1 4 0 1 7 / 1 6 / 0 1 < 0 0 5 0 4 . 3 5 1 < 0 0 0 0 < 0 0 5 0 < 0 0 3 0 0 0 3 0 9 ^ < 5 0 0 0 < 0 0 1 5 1 4 2 2 0 0 0 0 9 < 0 0 3 0 1 . 7 3 < 0 0 2 0 0 1 0 0 0 4 2 0 2 5 . 4 7 2 0 0 1 7 8 0 0 5 0
6 5 9 9 2  0 6 1 4 0 1 < 0 1 0 0 0  0 7 1 1 < 0 0 0 1 0 2 3  0 6 < 0 0 3 0 < 0 0 6 0 < 0 0 3 0 0 0 0 9 5 2 . 4 6 9 0 . 0 0 8 3 4 1  2 5 0  0 0 1 0 . 0 0 6 1 1 2 2 9 0 0 0 4 2 0 1 0 0 4 0 3 8 5 9 4 < 0 0 3 0 0 1 1 2 6 0 0 5 0
T U C K E R  0 6 1 4 0 1 < 0 1 0 0 < 0 0 5 0 0 . 0 6 6 2 < . 0 0 0 1 0 2 3 3 6 < 0 0 3 0 < 0 0 5 0 < . 0 0 3 0 0 0 0 7 6 2 5 1 3 0 . 0 0 7 7 4 5  6 8 0  0 0 5 6 0 0 0 4 7 1 0 . 3 5 < 0 0 2 0 0 1 0 0 6  2 4 5 7 . 6 6 9 < 0 0 3 0 0 1 2 0 6 0 0 5 0 < 0 0 5 0
1 3 6 3 8 9  0 6 1 4 0 1 < 0 1 0 0 < 0 0 6 0 0 . 0 7 6 3 < . 0 0 0 1 0 2 0 4 6 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 9 6 2 . 1 7 1 0 . 0 0 8 1 4 1  0 1 < 0 0 0 5 0 0 0 3 6 3 0 . 6 7 < 0 0 2 0 < 0 1 0 0 0 1 0 0 4 . 1 7 2 8  8 2 5 < 0 0 3 0 0 . 1 6 0 8 0 0 5 0 < 0 0 5 0
S a m p l e  N a m e A 1 3 9 6 1 M 1 8 9 0 e $ 4 9 3 4 8 * 2 3 4 6 C « 3 t 5 8 C d 2 2 8 6 C o 2 2 8 6 C r 2 6 7 7 C u 3 2 4 7 F * 2 3 W  1 K  7 6 9 0 Ü 6 7 0 7 M f l 2 9 3 H M o 2 O 2 0 N a S G B S N I 2 3 1 6 P 1 7 8 2 d 2 2 0 3 S 1 6 0 7 5 1 2 5 1 6 S n 1 0 9 9 S f 4 2 1 5 1 3 2 3 4
F B  0 6 1 6 0 1 7 / 1 7 / 0 1 < 0 1 0 0 < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 0 0 6 6 5 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 0 1 0 0 < 0 5 0 0 < 0 0 3 0 0 0 0 0 5 0 0 5 0
F B  0 6 1 4 0 1 7 / 1 6 / 0 1 < 0 1 0 0 < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 0 1 0 0 < 0 5 0 0 < 0 2 0 0 < 0 0 3 0 < 0 0 0 5 0 0 5 0
6 5 9 9 2  0 6 1 4 0 1 7 / 1 6 r t ) 1 < 0 1 0 0 0  0 0 7 2 0 0 6 7 3 < . 0 0 0 1 0 2 0  3 2 < 0 0 5 0 < 0 0 3 0 0 0 0 6 8 2 . 3 3 1 0 . 0 0 7 9 3 7  3 6 0 0 0 1 0 0 0 5 4 1 2 1 6 0  0 0 3 7 0 1 0 0 3 3 0 9 5  3 9 9 < 0 0 3 0 0 1 0 7 0 0 5 0 < 0 0 5 0
6 5 9 9 2 D  0 6 1 4 0 1 7 / 1 7 / 0 1 < 0 1 0 0 0  0 0 8 3 0 0 6 6 7 < 0 0 0 1 0 2 3 . 3 3 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 9 1 2 4 0 0 0 6 1 4 1 . 2 1 0 0 0 1 0 0 0 6 2 1 2 . 1 8 0 0 0 4 2 0 1 0 0 4  0 3 7 5  6 2 9 0 1 1 0 6 0 0 5 0 < 0 0 5 0 0 0 1
%  D i f f e r e n c e 1 4  1 9 % 0 9 0 % 1 3 7 9 % 3  3 5 % 2 9 2 % 2 5 0 % 9  6 0 % 0  0 0 % 1 3 . 7 9 % 0 . 1 6 % 1 2  6 6 % 1 9 . 0 2 % 7  6 6 % 3 . 3 1 % 3 1  2 1 %
1 5 6 4 7 2  0 6 1 4 0 1 0 0 0 6 4 0 0 5 0 6 < 0 0 0 1 0 2 4 4 4 4 0  5 9 0 0 0 5 9 9 . 9 3 9 0 . 0 0 3 1 0 1 0 0 5 1 0 7 0 1 3 7 4 0 0 5 0 < 0 0 5 0 0  2 0 7 3
1 6 8 0 3 5  0 6 1 4 0 1 < 0 0 5 0 0  0 4 8 6 < 0 0 0 1 0 2 7 . 6 7 < 0 0 3 0 < 0 0 5 0 0 0 0 7 6 0 1 0 7 9 3  5 9 0 0 1 9 9 > 5 0  0 0 0 0 0 3 3 0  0 0 6 7 1 7 . 9 9 0 1 0 0 1 0 7
6 7 4 3 8  0 6 1 4 0 1 < . 0 1 0 0 0 0 4 9 1 6 . 9 7 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 0 0 0 6 1 0  0 0 3 5 2 . 6 1 2 0 . 0 1 4 5 4 7 . 0 1 < 0 0 0 5 0 0 0 4 2 1 1 6 4 0 1 0 0 5 0 7 2 0 2 2 6 6
6 7 4 7 7  0 6 1 4 0 1 < 0 1 0 0 < 0 0 5 0 0  0 4 7 5 < 0 0 0 1 0 2 1 . 7 1 < . 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 2 3 1 . 4 2 4 0 0 0 2 1 6 4 5 7 0 0 0 0 8 < 0 0 3 0 4  2 3 3 1 . 3 8 3 0 0 4 5 3
T U C K E R  2  0 6 1 4 0 1 < 0 1 0 0 0 0 0 5 0  0 6 6 2 < 0 0 0 1 0 2 3  4 5 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0  5 7 7 4 2 4 6 4 0 0 0 7 6 4 5  2 9 0 0 0 5 9 0 0 0 4 6 1 0 . 1 3 6 . 3 3 2 0 1 1 9 5 0 0 5 0
6 5 9 7 8  0 6 1 4 0 1 <  0 1 0 0 < 0 0 5 0 0 0 5 6 5 < 0 0 0 1 0 3 1  4 < 0 0 3 0 < 0 0 6 0 < 0 0 3 0 0 0 0 7 1 . 5 7 7 0 . 0 0 1 6 1 0 0 9 < 0 0 0 5 < 0 0 3 0 1  2 7 7 0 0 4 8 0 0 5 0 < 0 0 5 0
1 6 7 4 3 3  0 6 1 4 0 1 <  0 1 0 0 < 0 0 5 0 2 4  5 4 < 0 0 1 0 < 0 0 5 0 < 0 0 3 0 0  3 5 4 2 . 9 3 6 0 . 0 1 2 4 7  7 3 0 0 0 6 2 0 0 0 7 3 1 7 4 < 0 1 0 0 8 6 4 1 7 4 4 4 0 1 9 7 1 0 0 5 0 < 0 0 5 0
L C  A O  0 6 1 8 0 1 7 / 1 7 / 0 1 nnnm 5  7 9 5 < 0 0 3 0 < 0 0 5 0 0 0 2 2 6 0 . 6 0 7 2 < 0 0 1 5 1  8 8 5 0  0 0 1 < 0 0 3 0 2 . 0 4 0  5 6 4 7 6 . 1 9 6 0  0 2 0 5 < 0 0 5 0 < 0 0 1 0
6 5 9 7 1  0 6 1 4 0 1 7 / 1 7 / 0 1 < o œ o - 0  0 4 4 1 < 0 0 0 1 0 2 6 3 < 0 0 1 0 < 0 0 3 0 < 0 0 6 0 < 0 0 3 0 0 0 0 9 1  3 0 2 0 . 0 0 1 8 7 , 0 0 1 < 0 0 0 5 3  4 3 8 1 . 1 2 9 7 4 1 1 0  0 4 4 6
o\
V O
' Table 07 continue# : RawC ation Data
S t m p I *  N « m *  0 « t a A s 1 6 9 0
0  0 0 5
B * 2 } ) 5
O Û O O S
6 4 2 3 4 8
0 0 0 0 1
C d 2 2 6 S  
0  0 0 1 0 0 0 3
C f j « n
0 0 0 5 0 0 0 3
F * 2 3 I 2
0  0 0 1
K 7 6 6 4
0 5
1 * 7 0 7  
0  0 0 1 5
M g  2 8 5 2  
0 1 0 0 0 3
N W 8 8 9
0 5
N I 3 3 1 8 P 1 7 8 2 P W M ) S 1 8 8 7 S I 2 1 Z 4 8 r 4 2 1 5 T U 2 3 4
0 0 0 2 0  0 1 0 0 5 0 0 2 0 0 0 3 0 0 0 0 5 0 0 0 5
B l a n k 0 0 3 5 1 6 < 0 2 0 0 0 . 0 5 2 4 3 0  1 5 8 4 6 0 . 1 1 6 5 6 0  2 3 5 4 4  7 1 5 5 4 . 6 4 2 3 8 0  0 5 5 2 7 9 8 . 9 0 6 4 0 1 3 2 0  0 6 4 7 6 0 1 2 0 2 8 0  2 6 8 3 1 0 1 0 0 5 4 0  9 2 8 6 7 2 9 3 7 0 9 < 0 0 5 0
.  S T 0 1 1 2 / 2 0 A ) 1  1 1 1  0 3 4 2 4  9 9 4 1 9 9  4 1 8 7 9 6 7  4 3 4 1 4 7 . 4 6 2 7 5  0 5 0 6 6 9 7  4 6 2 1 0 1 0 7 1 5 2 . 7 9 4 3 2 9  0 4 9 4 4 1  9 1 9 5 2 0  5 1 1 9 5 3 5  5 3 3
3 6 2  9 1 5
1 0 6 6 0  4 8 3 1 0 5 2 6 8 1 0 . 4 5 0  4 9 4 4 0 6 5 1 2 0 S 2 3 2
0  4 8 8 0  5 2 0 9 0  4 8 9 8 6 1 0 7 7 0 4 8 0 . 4 9 6 6 0  5 0 5 3 0  4 7 4 6 0  4 7 8 8 5  1 8 8 0 4 7 8 6 1 0  8 2 0  4 8 4 2 0  5 2 8 5 1 0 . 3 4 0 4 9 6 4 0  6 6 2 5 0 . 5 2 8 9 0 5 5 3 8 0  5 0 9 6
Q C S t d  1 2 / 2 0 / 0 1  0  5 0 1 0  4 8 7 0 . 5 1 9 8 0 4 8 8 3 1 0 . 8 2 0  4 7 9 8 0 . 4 8 9 6 0  5 0 3 7 0  4 7 4 3 0 . 4 7 7 2 5 0 1 3 0 . 4 6 4 9 1 0 6 8 0  4 8 1 8 0  5 2 4 1 1 0 1 9 0 4 9 4 7 0 6 6 4 6 0 S 2 1 9 0 % 4 1 0  4 8 2 2 0 . 5 1 1 9 0  5 0 7 1 0  5 1 2 7
1 2 C 0 m ) 1  0 5 1 0 7 0  4 9 4 6 0 5 2 2 7 0  4 9 4 7 7 1 0  8 5 0 . 4 8 3 0  4 9 6 2 0  5 1 1 0 4 8 0 8 0 4 8 0 6 5 1 9 0 4 8 2 9 1 0 . 9 0 4 8 6 3 0  5 2 9 9 1 0 4 9 0  4 9 6 7 0 6 7 0 8 0 S 2 G 4 0 5 6 8 6 0 5 1 8 2 0 5 1 6 4
0 5 1 5 4 0  4 8 7 0  5 1 8 6 0 4 9 1 6 9 1 0 6 4 0 4 6 0 1 0  4 9 2 5 0 5 0 3 7 0 . 4 7 7 3 0  4 7 6 7 5 2 2 2 0 . 4 6 1 4 1 0 8 6 0 4 6 1 4 0  6 2 4 2 1 0 . 4 0 4 9 4 4 0 5 6 3 4
E P A B L A N K < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 0 0 3 2 4 < 0 0 1 0 < 0 0 3 0 < . 0 0 5 0 < 0 0 3 0 < 0 0 1 0 < 5 0 0 0 < 0 0 1 5 <  1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0
E P A B L A N K < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 0 0 3 8 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 5 0 0 0 < 0 1 0 0 < 0 6 0 0
E P A B L A N K < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 5 0 0
E P A B L A N K < 0 0 5 0 < 0 0 0 5 0 0 0 0 0 4 0  0 4 0 5 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 1 0 0 < 0 5 0 0 0 0 0 3 6
P 6  e / 2 6 < 0 0 5 0 < 0 0 0 5 < - 0 0 0 1 0 0 0 2 9 2 < 0 0 5 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 1 0 0 < 0 5 0 0 < 0 0 3 0 < 0 0 0 5 < 0 0 6 0 < 0 0 5 0
F B  1 1 / 1 9 < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 0 . 0 3 8 1 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 0 0 < 5 0 0 0 < 0 0 2 0 0 . 0 0 5 8 < 0 5 0 0 < 0 0 0 5 < 0 0 5 0 < 0 0 5 0
S P I K E S
R I N S E < 0 0 5 0 < 0 0 0 5 < 0 0 0 1 0 0 0 3 8 1 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 < 5 0 0 0 < 0 0 1 5 < 1 0 0 0 < 0 0 0 5 < 0 0 3 0 < 5 0 0 0 < 0 0 2 0 < 0 1 0 0 < 0 5 0 0 < 0 2 0 0 0 0 0 8 9 < 0 0 0 5 < 0 0 5 0 < 0 0 5 0
L F B 1 2 / 2 0 / 0 1 0 5 0 8 8 0 5 0 3 0  0 9 5 1 7 2 0 1 6 0 . 1 6 6 5 0  1 9 6 4 0 4 7 6 2 0 . 4 8 2 0 4 ^ 4  9 5 7 0  4 7 4 5 5  0 7 4 0  4 8 2 8 0  2 1 2 7 9 . 7 0 4 0 4 9 9 4 1 . 0 1 3 0 . 5 1 2 1 5  5 7 6 4  7 9 7 0 2 0 0 3 0 4 8 5 7 0 . 1 9 3 1
% R » c o v * f y 1 0 0 0 % 1 0 1 . 8 % 1 0 0  6 % 9 5  2 % 1 0 0  6 % 9 3  3 % 9 8  2 % 9 5  2 % 9 6 4 % 9 6 1 % 9 9 1 % 7 9 . 1 % 1 0 1  5 % 9 6  6 % 1 0 6 . 4 % 9 7  0 % 9 9  9 % 1 0 1 . 3 % 1 0 2 . 4 % 1 1 1 . 5 % 9 5  9 % 9 6  0 % 9 7 . 1 % 9 9  9 %
1 5 8 4 7 2 1 1 / 1 9 0  0 2 3 9 0 . 0 0 9 3 0 . 0 5 2 0 0 0 0 1 2 5 . 5 2 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 2 . 2 6 6 0 . 0 0 6 3 9 0 1 0 . 0 0 2 6 0 0 0 5 3 9 0 9 8 0 0 1 0 2 < 0 1 0 0 4 . 7 3 4 4 8 5 6 0 0 1 2 1 0 . 1 2 4 < 0 0 5 0 <  0 0 5 0
1 5 6 4 7 2  S P I K E  1 1 / 1 9 0  5 6 7 7 0 5 6 0 7 0  5 7 8 6 0 1 0 2 3 6 4 5  2 8 0 1 9 7 2 0 2 0 3 5 0 . 5 2 6 7 0 5 1 0 9 0 5 0 6 1 6 6 2 2 0 . 5 3 1 1 4 2 9 7 0 . 5 1 3 0 2 2 9 6 1 7 5 8 0 . 5 2 9 1  0 9 8 0 . 5 3 8 9 9 . 7 8 2 9 0 2 7 0  2 2 3 8 0 8 4 7 3 0 . 1 0 9 4 0  2 1 2 2
%  R o c o v a r v 1 0 9 1 % 1 1 0  4 % 1 0 6 0 % 1 0 2  3 % 1 0 7 . 7 % 9 6 6 % 1 0 1 . 6 % 1 0 5  7 % 1 0 2 . 2 % 1 0 1 . 6 % 9 0  3 % 8 7  3 % 1 3 3  8 % 1 0 2 1 % 1 1 2 . 3 % 9 1 . 2 % 1 0 3 9 % 1 0 9 . 8 % 1 0 7  6 % 1 0 7  6 % 9 0  2 % 1 0 8  3 % 1 0 6  4 % 1 0 9  4 % 1 0 6  1 %
N E L S 0 N 2  1 1 / 1 9 1 2 / 2 0 / 0 1 0 0 1 7 4 < 0 0 5 0 0 0 2 5 5 0 . 0 0 0 1 2 1 0 0 3 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 1 . 2 9 6 0 9 3 4 4 0 . 0 0 1 6 3 4 9 3 0 0 8 1 6 < 0 0 3 0 3 . 2 2 3 < . 0 0 2 0 < 0 1 0 0 0 9 5 4 5  4 4 6 0 . 0 0 4 1 0 0 3 < 0 0 5 0 < 0 0 5 0
N E L S O N  2  S P I K E  1 1 / 1 9 1 2 / 2 W D 1 0 6 3 1 9 0  5 8 2 1 0  6 0 0 1 3 0 . 1 3 0 2 1 4 6 0 . 2 2 4 3 0 5 9 3 0 5 5 9 4 1 . 7 4 8 5  8 3 9 0 5 6 0 4 6  4 2 0 . 6 3 9 0 . 2 4 3 7 1 3 . 0 1 0 . 5 7 3 7 1  1 8 0 . 5 8 8 7 6 . 2 5 1 9 6 1 7 0 . 2 4 0  6 1 8 8 0 . 1 2 1 2 0 2 3 5 8
% R e c o v a r y 1 2 3 1 % 1 1 6  4 % 1 1 5  3 % 1 1 0 . 1 % 1 0 4  0 % 1 0 7 . 3 % 1 1 2 2 % 1 1 8  6 % 1 1 1 . 9 % 1 0 8 . 5 % 9 9  4 % 9 6 5 % 1 0 3  4 % 1 1 2 6 % 1 2 1 . 9 % 1 0 0 1 % 1 1 4 7 % 1 1 6 0 % 1 1 7  7 % 1 0 7  3 % 1 1 8 1 % 1 1 8  2 % 1 2 1  2 % 1 1 7  9 % 1 1 0  0 %
» 1  G W  1 1 / 2 4 1 2 / 2 0 0 1 0  0 2 5 4 < 0 0 5 0 0  0 5 1 1 0 . 0 0 0 0 3 2 0 . 4 3 < . 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 3 9 1  5 5 6 0  0 0 1 9 3 . 7 3 8 0 0 0 1 6 3 9 4 3 0  0 1 5 1 1 5 0 0 0 4 2 < 0 0 5 0 < 0 0 5 0
• 1  G W * p i k * 1 1 / 2 i 0 5 3 3 3 0  4 6 8 7 0  5 2 6 1 0  0 9 2 5 4 4  7 9 0 1 7 7 6 0 . 1 6 7 1 0 4 6 6 0 4 6 8 5 0  4 6 4 2 7 . 0 5 8 0  4 9 2 2 9 2 4 1 0 4 6 0 2 0 2 0 3 7 1 4 . 8 2 0 . 4 7 5 2 1 . 0 0 5 0 . 4 9 1 7 7 . 3 1 1 1 . 1 9 0 . 1 9 6 2 0  5 4 1 1 0 . 1 9 8 8 0 . 4 7 3 2
% R t t a n r o r y 1 0 1  9 % 9 7  7 % 9 5  7 % 9 2 . 5 % 1 2 9 0 % 6 8 . 6 % 9 3 6 % 9 7 . 2 % 9 3 . 7 % 9 2 1 % 1 1 2 . 2 % 8 1 . 7 % 1 1 5 3 % 9 1  7 % 1 0 1 . 9 % 1 1 1 . 5 % 9 5 . 0 % 9 9 . 1 % 9 8  3 % 1 1 8 3 % 1 0 0  3 % 9 6 1 % 9 9 0 % 1 0 1  1 % 9 9  4 % 9 2 . 5 %
D U P L I C A T E S
L A B
N O R M A N  1 1 / 1 9 0 0 2 6 2 0 0 0 5 9 0 . 0 4 8 4 < 0 0 0 1 0 2 2 . 3 5 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 1 . 6 6 4 0 . 0 0 4 1 3 3 . 7 2 < 0 0 0 5 < . 0 0 3 0 6 1 0 3 < 0 0 2 0 < . 0 1 0 0 < 0 1 0 0 2 9 6 1 5 2 9 4 0  0 0 7 9 0 0 9 0 6 < 0 0 5 0 < 0 0 5 0 0 0 2 0 4
N O R M A N  L D  1 1 / 1 9 1 2 W D 1 0 0 3 2 3 < 0 0 5 0 0 0 4 9 3 < 0 0 0 1 0 2 2 . 1 3 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 1 6 1 1 0  0 0 4 2 3 3 0 4 0 0 0 0 5 < 0 0 3 0 6 . 1 0 4 < 0 0 2 0 2 9 3 4 5 4 1 5 0 0 1 1 5 0  0 9 1 4 < 0 0 6 0 < 0 0 5 0 0 . 0 2 0 3
%  D i i T * f $ r » c e 1  8 4 % 0 . 9 9 % 7 . 2 7 % 2 4 1 % 2 . 0 4 % 0  0 2 % 0  9 2 % 2  2 6 % 3 7  1 1 % 0  8 8 %
1 5 7 4 6 1 0  6 / 2 6 1 2 O T 0 1 0  0 2 5 0 0 6 7 6 < 0 0 0 1 0 4 6  7 2 < 0 0 1 0 0 . 0 0 4 1 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 2 . 3 4 1 0 . 0 0 9 5 5 4  6 1 0 0 0 0 7 0 . 0 0 3 6 7  1 1 9 0 . 0 1 7 7 8 0 2 7 0 0 0 7 2 0  2 4 1 7 < 0 0 5 0 < 0 0 5 0 0 0 1 8 3
1 5 7 4 6 1 0  L O  6 / 2 8 l 2 / 2 Q r t ) 1 0 0 6 8 4 < 0 0 0 1 0 4 6  7 0 0 0 4 8 < 0 0 5 0 < 0 0 3 0 2 . 3 9 1 0 0 1 5 3  2 1 0 0 0 0 7 0 0 0 4 9 7 0 8 7 0 . 0 1 6 5 4 . 8 2 3 8 1 6 6 0  0 0 7 1 0  2 4 4 1 < 0 0 5 0 < 0 0 5 0 0 0 1 8 5
%  D r l f * r $ n c # 1 . 1 8 % 0 0 4 % 1 1  4 9 % 2 . 1 1 % 5 1 3 % 2 . 6 0 % 0 . 0 0 % 3 0  5 9 % 0 . 7 3 % 7 . 0 2 % 0 1 9 % 1  7 2 % 1  4 0 % 0 9 9 %
< 0 0 5 0 0 . 0 4 8 8 < 0 0 0 1 0 2 4  6 8 < 0 0 3 0 < 0 0 5 0 < 0 0 0 0 1 . 6 0 6 0  0 0 3 8 2 5  7 6 0 0 0 0 5 < 0 0 3 0 5 5 0 6 < 0 0 2 0 2 1 9 6 5  9 4 1 0  0 7 8 2 <  0 0 5 0
L N L D  1 1 / 1 9 1 2 / 2 0 r t ) 1 0  0 2 4 5 < 0 0 5 0 0  0 4 8 7 < 0 0 0 1 0 2 4 6 3 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 1 6 4 7 0 . 0 0 3 7 2 5  8 7 < 0 0 0 5 < 0 0 3 0 5 6 0 6 2 1 9 3 5 . 9 0 7 0 0 7 9 7 < 0 0 5 0 0 0 8 3 9
%  D r f T a r w i c * 0 . 2 1 % 0 . 6 1 % 2 . 5 2 % 2 . 6 7 % 0 . 4 3 % 1 8 2 % 0 1 4 % 1  1 2 % 8 . 7 8 % 0 7 2 %
F I E L D
1 2 1 5 1 1 1 2 / 2 0 r t 3 l 0 0 2 6 < 0 0 5 0 0 0 3 6 1 < 0 0 0 1 0 2 3  0 7 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 0 . 0 0 4 8 0 0 0 1 1  1 7 2 0  0 0 1 8 6 C Ô 8 0 0 0 5 1 < 0 0 3 0 3 0 0 2 < 0 0 2 0 1 3 2 6 2 8 8 0 . 0 0 4 2 < 0 0 5 0 0 0 0 2 9
1 2 1 5 1 1 D 1 2 / 2 0 / 0 1 0 0 2 9 7 < 0 0 5 0 0 0 3 6 3 < 0 0 0 1 0 2 3 1 1 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 0 0 0 5 1 < 0 0 1 0 1 . 1 6 < 0 0 1 5 5 9 8 6 0 0 0 4 5 < 0 0 3 0 2 9 9 < 0 0 2 0 1  3 1 5 6 2 7 8 0 0 0 6 9 < 0 0 5 0
% 0 5 5 % 0 . 1 7 % 6 0 6 % 1 . 0 3 % 0  8 3 % 1 2 5 0 % 0 . 4 0 % 0 3 8 % 0 . 1 6 % 4 8  8 5 %
L M W D  1 1 / 4 0  0 3 9 5 < 0 0 5 0 0 0 8 9 2 < 0 0 0 1 0 5 0  2 6 < 0 0 1 0 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 2 . 5 9 9 0 0 0 2 5 1 5 3 4 0 0 0 2 2 < 0 0 3 0 6 0 1 6 < 0 0 2 0 2 2 2 5 7  2 0 2 0  0 0 7 7
L M W D  F O  1 1 / 4 0  0 4 2 0 0 6 8 6 < 0 0 0 1 0 4 9  9 7 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 0 0 0 8 8 2 . 6 4 5 0 0 0 2 8 1 5 3 6 0 0 0 2 5 < 0 0 3 0 6  2 2 2 < 0 0 2 0 < 0 1 0 0 2 2 5 5 7  2 2 4 0 0 0 9 5 0 0 8 0 9
0 6 7 % 0  5 8 % 1  7 5 % 1 1  3 2 % 0 . 1 3 % 1 2 . 7 7 % 3 . 3 7 % 1  3 4 % 0 3 1 % 2 0  9 3 % 0 2 5 %
1 3 2 9 2 1  1 1 / 1 9 2 8 1 7 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 4 . 3 6 6 0 0 0 3 5 4 2 4 6 < 0 0 0 6 < 0 0 3 0 7 3 5 < 0 0 2 0 4 0 1 6 5 8 3 5 0 0 1 0 4 0  0 9 4 6
1 3 2 B 2 1 D  1 1 / 1 9 < 0 0 3 0 < 0 0 5 0 < 0 0 3 0 4 . 4 6 9 0 . 0 0 3 1 4 2 4 1 < 0 0 0 5 0  0 0 3 2 7 3 8 3 < 0 0 2 0 3  9 9 7 5 8 6 7 0  0 1 2 4 0  0 9 4 8
0  5 1 % n v i % 1 . 6 7 % 1 2 1 2 % 0 . 1 6 % 0  4 6 % 0 4 7 % 0 5 5 % 1 7  5 4 % 0 2 1 %
1 5 7 4 6 1  6 / 2 6 0  0 0 3 6 < 0 0 5 0 2 . 2 0 5 0  0 0 8 1 4 6  4 1 0 . 0 0 0 9 < 0 0 3 0 6 2 1 9 3 9 4 8 8 2 5 4 0  0 1 0 9
1 5 7 4 6 1 D  6 / 2 6 0 0 2 5 0  0 0 4 1 < 0 0 5 0 < 0 0 3 0 < 0 0 1 0 2  3 4 1 0 0 0 9 5 5 4  6 1 0 . 0 0 0 7 0 . 0 0 3 6 7 . 1 1 9 0 . 0 1 7 7 4 8 1 4 6  0 2 7 0 . 2 4 1 7 0 0 1 8 3
5 6  4 1 % 0 . 8 9 % 6 . 3 0 % 1 2 9 9 % 5 . 9 8 % 1 5 . 9 1 % 1 2 0 4 % 2 5 . 0 0 % 1 3 5 0 % 3 7 . 6 6 % 1 9 . 7 7 % 2  7 9 % 2 . 9 8 %
< 0 0 5 0 < 0 0 1 0 < 0 0 5 0 < 0 0 3 0 0 . 0 0 2 4 1 . 7 3 2 0  0 0 2 1 1 2 4 4 0 . 0 0 0 5 < 0 0 3 0 4  2 8 6 < 0 0 2 0 1  9 4 6 3 1 6 0  0 5 4 2 < 0 0 5 0  ] < 0 0 5 0
1 2 / 2 0 / 0 1 < 0 0 5 0 4 2 . 6 8 < 0 0 1 0 < 0 0 5 0 < 0 0 3 0 0 . 0 0 1 5 1 . 6 6 4 0  0 0 1 9 1 2 6 7 < 0 0 0 5 < 0 0 3 0 4 2 9 5 < 0 0 2 0 1  9 7 2 6  3 0 1 0 0 0 6 5 0  0 5 4 7 < 0 0 5 0  <  0 0 5 0 0 0 1 3 8
1 5 7 4 6 1  1 1 / 1 9 6 0 . 2 2 < 0 0 1 0 < 0 0 5 0 0 . 0 0 1 2 2 . 2 0 9 0  0 0 7 9 3 9 6 5 0 0 0 0 5 < 0 0 3 0 4 9 9 1 < 0 0 3 0 2 2 5 8 9 3 3 3 0 0 1 3 1 Û 2 4 7 B < 0 0 5 0
< 0 0 5 0 0 0 7 0 4 < 0 0 0 1 0 5 7  9 4 < 0 0 5 0 < 0 0 3 0 2 3 0 3 0 0 0 8 5 4 5 6 6 < 0 0 0 6 < 0 0 3 0 5 6 0 9 0 0 0 7 5 4  6 0 6 8  7 2 4 0 0 1 < 0 0 5 0 < 0 0 5 0
1 5 7 4 6 1 1 1  1 1 / 1 9 < 0 0 5 0 0 . 0 7 5 6  2 7 < 0 0 5 0 < . 0 0 3 0 2  2 3 7 0 0 0 8 1 4 6 . 9 < 0 0 0 5 < 0 0 3 0 5  6 5 7 0 . 0 1 1 5 5 3 8 1 8 2 9 2
■<1o
T a b le  D8: M isso u la  C ounty  M onitoring W ell N itrate-N  D ata
W 122035D W Q D -12  M IC H A E L  L A N E , L O L O
W Q D J D  Y R Q u a r te r D A T E W L  E L E V SW L N IT R A T E -N
L a b
W 122035D
W atercheck W 122035D  1995 
W 122035D  1995
2
3
07/05/95 3158.34 6.24 0.50
A natek W 122035D  1995 4 11/03/95 3156.61 7.97 0.38
Energy W 122035D  1996 1 02/14/96 3159.61 4.97 2.89
Energy W 122035D  1996 2 05/29/96 3158.98 5.60 1.40
Energy W 122035D  1996 3 08/13/96 3157.09 7.49 0.41
Energy W 122035D  1996 4 11/13/96 3155.84 8.74 0.47
U M W 122035D  1997 1 02/19/97 3157.46 7.12 0.75
U M W 122035D  1997 2 05/19/97 3159.84 4.74 0.75
U M W 122035D  1997 3 08/22/97 3157.11 7.47 0.11
U M W 122035D  1997 4 11/12/97 3156 71 7.87 0.34
U M W 122035D  1998 1 03/03/98 3156.03 8.55 0.33
U M W 122035D  1998 2 05/26/98 3158.63 5.95 0.46
W 122035D  1998 3 08/13/98 3157.08 7.50
W 122035D  1998 4 11/02/98 3156.13 8.45
U M W 122035D  1999 1 02/16/99 3156.19 8.39 0.59
U M W 122035D  1999 2 06/24/99 3159.50 5.08 1.15
W 122035D  1999 3 09/13/99 3156.83 7.75
W 122035D  1999 4 11/03/99 3156.58 8.00
U M W 122035D  2000 1 02/20/2000 3156.29 8.29 0.42
U M W 122035D  2000 2 06/13/2000 3157.97 6.61 0.46
W 122035D  2000 3 08/11/2000 3155.73 8.85
W 122035D  2000 4 11/29/2000 3156.07 8.51
U M W 122035D  2001 1 03/05/2001 3155.76 8.82 0.32








W 122026C W Q D -18  G L A C IE R  D R IV E
W Q D _ ID  Y R Q D A T E W L  E L E V SW L N IT R A T E -N
L a b
Energy W 122026C  1996 2 05/31/96 3151.45 25.41 1.34
Energy W 122026C  1996 3 08/31/96 3148.62 28.24 1.37
Energy W 122026C  1996 4 11/13/96 3148.86 28.00 2.43
U M W 122026C  1997 1 02/26/97 3150.55 26.31 1.22
U M W 122026C  1997 2 05/19/97 3151.26 25.60 0.56
U M W 122026C  1997 3 08/22/97 3148.37 28.49 1.10
UM W 122026C  1997 4 11/12/97 3150.20 26.66 1.74
U M W 122026C  1998 1 03/03/98 3149.67 27.19 1.21
U M W 122026C  1998 2 05/26/98 3150.01 26.85 1.17
W 122026C  1998 3 08/13/98 3149.36 27.50
W 122026C  1998 4 11/02/98 3149.77 27,09
UM W 122026C  1999 1 02/16/99 3149.97 26.89 1.10
U M W 122026C  1999 2 06/23/99 3152.09 24.77 1.42
W 122026C  1999 3 09/13/99 3149.86 27.00
W 122026C  1999 4 11/03/99 3150.14 26.72
U M W 122026C  2000 1 03/06/2000 3150.01 26.85 0.89
U M W 122026C  2000 2 06/19/2000 3149.93 26.93 0.84
W 122026C  2000 3 08/11/2000 3149.01 27.85
W 122026C  2000 4 11/29/2000 3150.06 26.80
U M W 122026C  2001 1 03/05/2001 3148.68 28.18 0.90







Table D9: Public W ater Supply Data Used in Study
M ontana PW S ID N am e N i t r » l t - N  ( m g / l )
1 2 /26 /1995  MT 0000804 LOLO TAVERN LOLO W L002 WELL #1 0.41
12 /30 /1996  MT0000804 LOLO TAVERN LOLO W L002 WELL ttl 0 1 0
10 /21 /1997  MT0000804 LOLO TAVERN LOLO W L002 WELL ttl 041
1 0 /14 /1998  MT0000804 LOLO TAVERN LOLO W L002 WELL ttl 0.25
5 /1 8 /1 9 9 9  MT0000804 LOLO TAVERN LOLO W L002 WELL ttl 0,43
9 /2 7 /2 0 0 0  MT0000804 LOLO TAVERN LOLO WL002 WELL ttl 0.32
12 /1 6 /1 9 9 6  MT0000808
average 0.32
KTS HAYLOFT SALOON WL002 W ELL1 0.45
10 /2 2 /1 9 9 7  MT0000808 KTS HAYLOFT SALOON W L002 W ELL1 0.46
12 /2 0 /1 9 9 8  MT0000808 KTS HAYLOFT SALOON W L002 WELL1 0.36
3 /2 2 /2 0 0 0  MT0000808 KTS HAYLOFT SALOON W L002 WELL1 0.47
12 /2 8 /2 0 0 0  M T0000808 KTS HAYLOFT SALOON W L002 W ELL1 0.44
1 /18 /1995  M T0000815
average 0.44
TOWN PUMP NO 8912 LOLO W L002 W ELL1 1964 0.26
9 /1 5 /1 9 9 7  M T0000815 TOWN PUMP NO 8912 LOLO W L002 W ELL1 1964 0.51
7 /6 /1 9 9 8  M T0000815 TOWN PUMP NO 8912 LOLO W L002 W ELL1 1964 0.53
7 /6 /1 9 9 9  MT0000815 TOWN PUMP NO 8912 LOLO W L002 W ELL1 1964 0.04
1 1 /1 2 /1996  MT0003771
average 0.33
TOWN PUMP NO 8939 LOLO W L002 WELL ttl 6.10
9 /1 8 /1 9 9 7  MT0003771 TOWN PUM P NO 8939 LOLO W L002 WELL ttl 0.69
7 /1 4 /1 9 9 8  MT0003771 TOWN PUMP NO 8939 LOLO W L002 WELL ttl 2.54




10 /21 /1996  MT0003868 LOLO COMMUNITY CHURCH W L002 W ELL1 0.32
10 /21 /1997  MT0003868 LOLO COMMUNITY CHURCH W L002 WELL1 0.39
1 0 /14 /1998  MT0003868 LOLO COMMUNITY CHURCH W L002 WELL1 0.51
5 /1 8 /1 9 9 9  M T0003868 LOLO COMMUNITY CHURCH W L002 W ELL1 0.31




1 0 /7 /1 9 9 8  M T0004028 LOLO SUPER STO P PC001 PRESSURE CONTROL 2.44
5 /3 /1 9 9 9  MT0004028 LOLO SUPER STO P PC001 PRESSURE CONTROL 13.10
7 /6 /1 9 9 9  MT0004028 LOLO SUPER STO P PC001 PRESSURE CONTROL 0 . 2 1




9 /1 4 /1 9 9 5  MT0000489 TWO RIVERS MOBILE HM PK LOLO W L002 W ELL1 1968 0 . 1 2
9 /2 6 /1 9 9 6  MT0000489 TWO RIVERS MOBILE HM PK LOLO W L002 W ELL1 1968 0.15
7 /1 4 /1 9 9 7  MT0000489 TWO RIVERS MOBILE HM PK LOLO W L002 W ELL1 1968 0.25
7 /2 1 /1 9 9 8  MT 0000489 TWO RIVERS MOBILE HM PK LOLO W L002 W ELL1 1968 0.35
8 /1 8 /1 9 9 9  M T0000489 TWO RIVERS MOBILE HM PK LOLO W L002 W ELL1 1968 0.17
7 /1 1 /2 0 0 0  MT 0000489 TWO RIVERS MOBILE HM PK LOLO W L002 W ELL1 1968
average
0.15
0 . 2 0
1 1 /26 /1997  MT0003916 SPIRIT OF CHRIST CATHOLIC W L002 WELL NO 1 0.74




7 /2 2 /1 9 9 6  M T0000443 BITTERROOT GATEWAY MB PK LOLC ST001 STORAGE FACILITY 0.16
8 /1 3 /1 9 9 9  M T0000443 BITTERROOT GATEWAY MB PK LOLC ST001 STORAGE FACILITY 0.17
average 0.17
6 /1 /1 9 9 5  MT0000278 LOLO WATER AND SEW ER DIST CH001 COMMON HEADER 0.51
6 /2 7 /1 9 9 6  MT0000278 LOLO WATER AND SEW ER DIST CH001 COMMON HEADER 0.64
8 /6 /1 9 9 7  MT0000278 LOLO WATER AND SEW ER DIST CH001 COMMON HEADER 0.62
1 1 /2 /1 9 9 8  MT0000278 LOLO W ATER AND SEW ER DIST CH001 COMMON HEADER 0.76
10 /7 /1 9 9 9  MT0000278 LOLO W ATER AND SEW ER DIST CH001 COMMON HEADER 0.65
7 /5 /2 0 0 0  MT0000278 LOLO WATER AND SEWER DIST CH001 COMMON HEADER 0.28





T ab le  D9 co n tinued
M ontana PW S ID N am e N i t r a t e - rv ( m g / l )
10 /2 1 /1 9 9 6  M T0000444 VALLEY W EST TRAILER COURT WL002 WELL t t l ,  LOT 1 0 1 0
1 1 /4 /1 9 9 7  MT0GDG444 VALLEY W EST TRAILER COURT W L002 WELL t t l .  LOT 1 0 1 3
1 2 /9 /1 9 9 8  M T0000444 VALLEY W EST TRAILER COURT WLD02 WELL t t l ,  LOT 1 0,09
1 1 /1 7 /1 9 9 9  M T0000444 VALLEY W EST TRAILER COURT W L002 WELL t t l ,  LOT 1 0 1 7
1 2 /4 /2 0 0 0  M T0000444 VALLEY W EST TRAILER COURT W L002 WELL t t l ,  LOT 1 0.07
average 0 . 1 1
1 0 /2 1 /1 9 9 6  MT0000444 VALLEY W EST TRAILER COURT W L003 WELL tt2, LOT 31 0.13
1 1 /4 /1 9 9 7  MT0000444 VALLEY W EST TRAILER COURT W L003 WELL «2 , LOT 31 0 . 1 0
1 2 /9 /1 9 9 8  MT0000444 VALLEY W EST TRAILER COURT W L003 W E L L tt2 , LOT 31 0.07
1 1 /1 7 /1 9 9 9  MT0000444 VALLEY W EST TRAILER COURT W L003 WELL «2 . LOT 31 0 . 1 0
1 2 /4 /2 0 0 0  MT0000444 VALLEY W EST TRAILER COURT W L003 WELL tt2, LOT 31 0.07
average 0.09
1 0 /2 1 /1 9 9 6  MT0000444 VALLEY W EST TRAILER COURT W L004 WELL tt3, LOT 20 0.07
1 1 /4 /1 9 9 7  MT0000444 VALLEY W EST TRAILER COURT W L004 WELL tt3, LOT 20 0.13
1 2 /9 /1 9 9 8  MT0000444 VALLEY W EST TRAILER COURT W L004 WELL tt3 ,L 0 T  20 0.07
1 1 /1 7 /1 9 9 9  M T0000444 VALLEY W EST TRAILER COURT W L004 WELL tt3, LOT 20 0.09
1 2 /4 /2 0 0 0  M T0000444 VALLEY W EST TRAILER COURT W L004 WELL tt3. LOT 20 0.07
average 0.09
7 /1 0 /1 9 9 5  M T0000444 VALLEY W EST TRAILER COURT W L005 WELL tt4, SIMMONS OUTSIDE 0.05
10 /2 1 /1 9 9 6  M T0000444 VALLEY W EST TRAILER COURT W L005 WELL tt4, SIMMONS OUTSIDE 0.13
11 /4 /1 9 9 7  M T0000444 VALLEY W EST TRAILER COURT W L005 WELL tt4, SIMMONS OUTSIDE 0 . 1 2
12 /9 /1 9 9 8  M T0000444 VALLEY W EST TRAILER COURT W L005 WELL tt4, SIMMONS OUTSIDE 0.07
11 /1 7 /1 9 9 9  M T0000444 VALLEY W EST TRAILER COURT W L005 WELL tt4, SIMMONS OUTSIDE 0.13
12 /4 /2 0 0 0  M T0000444 VALLEY W EST TRAILER COURT W L005 WELL tt4. SIMMONS OUTSIDE 1.24
average 0.34
1 0 /2 1 /1 9 9 6  M T0000444 VALLEY W EST TRAILER COURT W L006 WELL tt5, SIMMONS INSIDE 0 . 1 1
11 /4 /1 9 9 7  MT0000444 VALLEY W EST TRAILER COURT W L006 WELL tt5. SIMMONS INSIDE 0 . 1 2
12 /9 /1 9 9 8  MT0000444 VALLEY W EST TRAILER COURT W L006 WELL tt5, SIMMONS INSIDE 0.08
1 1 /1 7 /1 9 9 9  MT0000444 VALLEY W EST TRAILER COURT W L006 WELL «5 , SIMMONS INSIDE 0.13
12 /4 /2 0 0 0  M T0000444 VALLEY W EST TRAILER COURT W L006 WELL tt5, SIMMONS INSIDE 0.70
average 0.23
1 /9 /1 9 9 5  M T0003643 LOS CHURCH LOLO W L002 W ELL1 0.76
7 /1 /1 9 9 6  MT0003G43 LOS CHURCH LOLO WLÜ02 W ELL1 0 . 8 6
10 /2 0 /1 9 9 7  MT0003643 LDS CHURCH LOLO W L002 WELL1 3.77
8 /1 7 /1 9 9 8  M T0003643 LDS CHURCH LOLO WLÜ02 W ELL1 1 15
8 /3 /1 9 9 9  MT0003643 LDS CHURCH LOLO W L002 W ELL1 1.69
7 /2 7 /2 0 0 0  M T0003643 LDS CHURCH LOLO W L002 W ELL1 1.27
average 1.58
9 /5 /1 9 9 5  MT 0003146 BITTERROOT MEADOWS HOA LOLO ST001 STORAGE FACILITY 0.76
8 /2 1 /1 9 9 6  M T0003146 BITTERROOT MEADOWS HOA LOLO ST001 STORAGE FACILITY 1.30
8 /2 1 /1 9 9 6  M T0003146 BITTERROOT MEADOWS HOA LOLO ST 001 STORAGE FACILITY 1.30
7 /7 /1 9 9 7  M T0003146 BITTERROOT MEADOWS HOA LOLO ST 001 STORAGE FACILITY 0.82
3 /1 7 /1 9 9 8  M T0003146 BITTERROOT MEADOWS HOA LOLO ST001 STORAGE FACILITY 0.74
4 /5 /1 9 9 9  MT0003146 BITTERROOT MEADOWS HOA LOLO ST001 STORAGE FACILITY 0.59
1 2 /4 /2 0 0 0  MT0003146 BITTERROOT MEADOWS HOA LOLO ST001 STORAGE FACILITY 0 . 8 6
1 1 / 1 / 2 0 0 0 BITTERROOT MEADOWS HOA LOLO 1 . 2 1
3/4 /2001 BITTERROOT MEADOWS HOA LOLO 0.70
average 0.92
6 /1 /1 9 9 5  MT0002800 SHELBY SUBDIVISION CH001 COMMON HEADER FOR WELL 1 : 0 . 2 2
6 /8 /1 9 9 6  M T0002800 SHELBY SUBDIVISION CH001 COMMON HEADER FOR WELL 1 : 0 . 2 1
8 /6 /1 9 9 7  M T0002800 SHELBY SUBDIVISION CH001 COMMON HEADER FOR WELL 1 : 0.32
1 1 /1 2 /1 9 9 8  M T0002800 SHELBY SUBDIVISION CH001 COMMON HEADER FOR WELL 1 : 0.29
1 0 /1 4 /1 9 9 9  M T0002800 SHELBY SUBDIVISION CH001 COMMON HEADER FOR WELL 1 : 0.28
3 /2 /2001 average 0.30
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Appendix E: Well Logs 
Included are all well logs within
TRS: 1 IN 20W 02, 1 IN 20W 03, 12N 20W 34 & 12N 20W 35
Data are from the Montana Ground Water Information Center at the Montana Bureau of 
Mines and Geology: http://mbmggwic.mtech.edu/
KEY to the following tables of well logs within the study area:
G WIG Id: Montana Ground Water Information Center Identification Number
Td: Total Depth of well (ft)
Swl: Static Water Level (ft from measuring point)
Pwl: Pumping Water Level (ft from measuring point)
Yield: Pumping Yield (gpm)
Time: Time (hrs) of pumping
From & To: Range of screened interval (ft)
Dia: Diameter o f casing (inches)
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Township, Rang®, Section; 11N 20W 02
GW1C Id Site Name Latitude Longitude Location Td Swl Pwl Yield Time Type Driller Date Use To Ola Description
65970 LDS CHURCH/LOLO WARD 46.741 -114.0776 11N20W02 43 15 40 20 2 BAILER RAVALLI 7/1/1981 UNKNOWN 35 40 6 5 INCH SLOTS
11N20W02
65971 PRESTON ROBERT/JOAN 46.741 -114.0776 11N20W02 74 IS 18 30 2.5 AIR JEROME 9/1/1989 DOMESTIC 74 74 6 OPEN BOTTOM *
659721 PRESTON RONALD E 46.741 -114.0776 11N20W02 68 12 26 40 2.5 AIR JEROME 9/1/1989 DOMESTIC 68 68 6 OPEN BOTTOM *
165658 MARTIN SAM 46.6641 -114.0608 11N20W02 59 28 50 20 1 AIR VALLEY 12/20/1997 DOMESTIC 54 59 6 5IN SLOT SCREEN
165657 STEVENS DAN AND LISA 46.6652 -114.0811 11N20W02 59 28 50 20 1 AIR VALLEY 12/21/1997 DOMESTIC 54 59 6 5IN SLOT SCREEN
1345461BOUCK BILL 46.7445 -114.0835 11N20W02 200 100 122 12 1 AIR JEROME 4/21/1993 DOMESTIC 160 200 4 PRE SLOTTED
126903|BOUCKBILL 46.7445 -114.0835 11N20W02 60 20 41 30 1 AIR JEROME 12/16/1991 DOMESTIC 60 60 6 OPEN BOTTOM '
18159o |jE N SE N  STEVE AND ANGELA 46.7445 -114.0835 11N20W02 195 54 15 1 AIR JEROME 6/2/2000 DOMESTIC 160 195 4 3/16X1 PVC
65977 KAPHAMMER LARRY 46.7445 -114.0835 11N20W02 60 14 25 65 1 AIR JEROME 5/24/1978 DOMESTIC 60 60 6 OPEN BOTTOM '
6597^ MCDANIEL LARRY 46.7445 -114.0835 11N20W02 60 20 32 35 1 OTHER JEROME 4/16/1981 UNKNOWN 60 60 6 OPEN BOTTOM *
65973|mCINROY ROBERT 46.7445 -114.0835 11N20W02 45 8 35 20 1.5 AIR PRESTON 7/12/1977 DOMESTIC A A A A
65975 0LSEN ALF 46.7445 -114.0835 11N20W02 60 12 26 35 1 OTHER JEROME 3/20/1981 UNKNOWN 60 60 6 OPEN BOTTOM '
65974|tRIPP ROLAND 46,7445 -114.0835 11N20W02 58 12 40 50 1 AIR CAMP 7/10/1978 DOMESTIC 58 58 6 OPEN BOTTOM *
122444| HAYES ROBERT R AND MAY R 46.7454 -114.0794 11N20W02 53 14.5 50 50 1AIR RUEN 2/24/1991 DOMESTIC 53 53 6 OPEN BOTTOM '
122443] HAYES ROBERT R AND MAY R 467454 -114.0794 11N20W02 63.5 14 60 50 1AIR RUEN 2/24/1991 DOMESTIC 63.5 63.5 6 OPEN BOTTOM '
120470 TILLEMAN DOUG 46.7464 -114.0862 11N20W02 70 30 51 40 2.5 AIR JEROME 9/10/1990 DOMESTIC 70 70 6 OPEN BOTTOM '
132263 ALSBURY CAL 46.7454 -114.0849 11N20W02 60 15 30 2 AIR JEROME 3/23/1988 DOMESTIC 60 60 6 OPEN BOTTOM '
166035 CHILCOTE DAN 46.7426 -114 0862 11N20W02 267 34 55 18 1 AIR JEROME 1/9/1998 DOMESTIC 237 267 4 3/17X1 PRESLOT
157460 FRED BRITT 46.7426 -114.0862 11N20W02 240 55 20 2 AIR JEROME 7/23/1996 DOMESTIC 200 240 4 PRE-SLOTTED PVC
6598ojsiPE CLARA 46.7426 •114.0862 11N20W02 60 15 27 35 1 À JEROME 3/20/1981 UNKNOWN 60 60 6 OPEN BOTTOM *
65978 BITTERROOT MEADOWS HOA WE 46.7436 -114.0847 11N20W02 7^ 16.1 31 98 6 OTHER JEROME 2/26/1984 PUBLIC WATER SUPPLY 74 74 6 OPEN BOTTOM *
65979| BITTERROOT MEADOWS HOA WE 46.7436 -114.0839 11N20W02 160 16.2 30 98 1.5 OTHER JEROME 2/25/1984 PUBLIC WATER SUPPLY 160 160 6 OPEN BOTTOM •
166042 SHREVE JIM 46.7414 -114.0845 11N20W02 198 54 175 15 1 AIR VALLEY 2/5/1998 DOMESTIC 178 183 4 SIN SLOT SCREEN
11N20W02 178 198 4 5IN SLOT SCREEN
167423 ZEILER BROS 46.7413 -114.2516 11N20W02 158 34 150 15 1 AIR VALLEY 6/9/1998 DOMESTIC 124 129 6 STEEL SCREEN
11N20W02 124 158 4 PVC SCREEN
142263 KOLB LARRY JOHN 46.7369 -114 0862 11N20W02 260 18 200 30 1 AIR CAMP 6/17/1994 DOMESTIC 160 260 5 3X1/8 TORCH CUT
142262 KOLB LARRY R. 46.7389 -114.0862 11N20W02 198.5 106 150 25 2 AIR CAMP 6/20/1994 DOMESTIC A A A A
65981 KOLB LARRY 46.7355 -114.0764 11N20W02 80 7 70 90 OTHER HUDSON 10/14/1978 UNKNOWN 80 so 6 OPEN BOTTOM '
156472|buMGARDNER JOE 46.7389 -114.0753 11N20W02 138 27 25 1.5 AIR JEROME 5/31/1996 DOMESTIC 98 138 4 PRE SLOTTED
L/1





ALLEN KEN • WELL # 1
ALLEN K EN -W ELL#!
ALLEN KEN * WELL # 2
ALLEN KEN * WELL # 2
Type
PUBLIC w a t e r  su p p l y
7/1/1992 DOMESTIC







129901 ALLEN KEN '  WELL # 3 7/2/1992 DOMESTIC OPEN BOTTOM '
ALLEN k e n  • WELL «  4 7/2/1992 DOMESTIC OPEN BOTTOM '
ALLEN KEN* WELL # 5 OPEN BOTTOM •
121511 COOPER BILL 4  LINDA OPEN BOTTOM '
GARY INCE CONSTRUCTN MACHINE SLOTTED
5 INCH SLOTS
OPEN BOTTOM *
123172 OPEN BOTTOM *
65992 PETERSON STAN OPEN BOTTOM *
SULLIVAN SHEILA 1/8X3 TORCH CUT
WIKOFF ALAN & PAT OPEN BOTTOM *
OPEN bo tto m  •
PUBLIC WATER SUPPLY OPEN BOTTOM '
CARPENTER RICK OPEN BOTTOM *
65987 HEATH ORION
147327 BILL WOOD CONSTRUCTION
154065 60UCK BILL PRE SLOTTED
BOUCK BILL PRE-SLOTTED PVC
CARPENTER GEORGE OPEN BOTTOM *
CARPENTER GEORGE OPEN BOTTOM *
CARPENTER PAUL OPEN BOTTOM '
OPEN BOTTOM *
65921JUNKERT ED OPEN BOTTOM *
142265 3/16X1 HOLTË PF
156473 RENTREE CRIS PRE SLOTTED PVC
170199 MILLER FRANK
SLUDER 0 0 YL PRE-SLOTTED PVC
SLUDER DOYLE OPEN BOTTOM *
LANGE EUGENE
132299 #1 ED SCREEN
OPEN BOTTOM *
MATHNÊY KEN OPEN BOTTOM *
SHELBY ADDITION
SHELBY SUBDIVISION EAST WELL
PUBLIC WATER SUPPLY /KO SLOT SCREEN
PUBLIC WATER SUPPLY




132921 PLANSKY DALE AND DORIS
193129
147907 RENFRO DICK
B O U C K  B I L L
3 / 1 6 X 1  P L A S T I C
#2 AARON SCREEN
PRE-SLOTTED PVC






6M 95 TUWER GERQLD H____________
PRE-SLOTTED
1 1 4  1 0 3 4  
- 1 1 4  1 0 8 9
PRE-SLOTTED PVC
1 / 2 X 1 / B  S L O T S
DAN SCREEN
W i n c h  s l o t s
' o w n s h t p ,  R a n g * ,  S e c t i o n .  1 2 N  2 0 W  3 4
S I t t  N a m # L o n g l t M # 8 w l P w l Y i e l d T i m * T y p * D r i l l e r U s e C H * O t s c r l p B o n
67430 G l f f S  M O B I L E  H O M E S - 1 1 4 . 0 » 7 1 2 N  2 0 W 3 4 Â 5 0 A A a / 4 / 1 9 6 1 O O M E S n C A A
67432 w a l k e r  R O Y 4 6 . 7 5 S 4 - 1 1 4 . 0 » 7 1 2 N  2 0 W  3 4  Â 4 1 5 1 5 S O 1 A I R C A M P 9 / 2 0 / 1 9 7 3 D O M E S T I C 4 1 6 O P E N  B O T T O M  *
176377 P I C K E R I N G  X ) M N 4 6 . 7 6 0 8 - 1 1 4 . 0 9 1 1 2 N  2 0 W  3 4  A A 4 8 9 . 5 2 5 1 A I R C A M P 1 0 / 1 5 / 1 9 9 9 D O M E S T I C A A A A
193690 P O I S O N  D O M O W n E A N 4 6  7 S 6 4 1 2 N 2 0 W 3 4 A C 6 0 1 5 3 0 4 A I R J E R O M E S 7 / 1 0 / 2 0 0 1 D O M E S T I C 6 0 6 0 6 O P E N  B O T T O M
176378 L H B E N G L T T H  G L T Y 4 6 . 7 5 7 1 - 1 1 4 . 0 9 1 1 2 N  2 0 W  3 4  A D 6 0 S O A I R J E R O M E 5 / 2 4 / 1 9 9 9 D O M E S T I C 6 0 60 6 O P & I  B O T T O M  "
O T H E R
67435 M C K I N S T R U  H I K E 4 6 . 7 5 7 1 ■ 1 1 4 , 0 9 1 1 2 N  2 0 W  3 4  A D 5 0 1 4 3 0 3C 1 O T H E R J E R O M E 5 / 7 / 1 9 8 4 D O M E S T I C S O 5 0 6 O P E N  B O T T O M  "
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Appendix F: Stream Discharge Measurements and Stage Relationships
Discharge was measured on Lolo Creek and the McClay Ditch (Table FI). 
Discharge was calculated using an Aqua-Calc discharge calculator and Price AA and 
Pigmy meters. Transect information was recorded in most cases (Table F2), although 
memory problems with the Aqua-Calc caused the loss of some data. The confidence 
intervals in Table FI were used when determining the validity of loss estimations from 
Lolo Creek. Expressed as a percent of the mean, the confidence intervals range from 
0.03% to 6.3%, with an average of 3.2%.
A stage-discharge relationship was established at SG#1 and used to generate an 
equation relating the two (Figure FI). Staff gauge readings were entered as “x” into the 
equation to produce discharge estimates with an average error of 4.7% (Table F3).
Additional estimates o f discharge at SG#1 were made by correlating staff gauge 
readings with SG#6, which was measured more frequently (Figure F2). The linear 
equation produced estimates of stage at SG#1 with a 1.8% error (excluding low stage 
values) (Table F3).
A total additive error o f 9.7% is computed (3.2% (=C.I.) + 4.7% +1.8  %) for the 
hydrograph (Figure 17 in text) is consumed by the size of the data points in the figure. It 
is likely that the largest flow, from 4/29/01 (678 cfs), has been underestimated, due to 
river expansion onto the floodplain, which would not be taken into account in the stage- 
discharge calulations made from lower flows.
180
Table F1: Measured Discharge
3/25/01 
Mean Discharge (cfs) 
#  Measurements 
St. Dev. (cfs) 
95% C. 1. (cfs)
Location on Lolo Creek 




Mean Discharge (cfs) 
# Measurements 
St. Dev. (cfs) 






Mean Discharge (cfs) 
#  Measurements 
St. Dev. (cfs) 
95%  C. 1. (cfs)
302 286.8 278.4
2 2 3 
0.6 6.1 1.6 
0.7 8.4 1.8
8/11/01 
Mean Discharge (cfs) 
#  Measurements 
St. Dev. (cfs) 





McClay Ditch 8/16/01 
Mean Discharge (cfs) 
#  Measurements 
St. Dev. (cfs) 
95% C. 1. (cfs)





cfs = cubic feet per second St.Dev. = Standard Deviation 
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Table F2 Continued: Representative Discharge Measurements
L = distance from bank (ft) h = water depth (ft; v = velocity (ft/s) A = area (ft ) Q = Discharge (ft''®) All dates 2001
SG#7 8 / 1 1 SG#9 3/25 ©Sapphire Ln
L(ft) h(fl) V (ft/s) A (ft̂ ) Q (ft ) L(ft) h(ft) V (ft/s) A (ft )̂ Q (ft') # 1 8/16 # 2 #3
0 0 0.08 0.225 0 . 0 2 0 0 -0.17 1 . 1 -0.19 L(ft) h(ft) V (ft/s) A (ft̂ ) Q (ft') L(ft) h(ft) V (ft/s) A (ft') Q (ft') L(ft) h(ft) V (ft/s) A (ft') Q (ft')
3 0.3 0.16 0.75 0 . 1 2 2 1 . 1 -0.34 1.275 -0.43 1 2 0 0 0 . 2 0.06 1 0 0 0.425 0.119 0 0 0 0.425 0.134
5 0.33 0.14 0 . 6 6 0.09 3.5 1.7 -0 . 2 2 1.275 -0.28 11.5 1 . 6 0 . 6 1 . 6 0.96 2 1.7 0.56 1.7 0.952 1 1.7 0.63 1.7 1.071
7 0.5 0.26 1 0.26 5 1.7 0.32 1.5 0.48 1 0 1.9 1.27 2.375 3.016 3 1.95 0.52 1.95 1.014 2 1.9 0.46 1.9 0.874
9 0.55 0.27 1 , 1 0.30 6.5 2 0.91 3 2.73 9 2 . 1 1.43 2 . 1 3.003 4 2 0.62 2 1.24 3 2 0.56 2 1 . 1 2
1 1 0 . 6 0.26 1 . 2 0.31 8 1.9 2.06 2.85 5.87 8 2.3 1.43 2.3 3.289 5 2 . 2 0.97 2 . 2 2.134 4 2 . 1 0 . 8 2 . 1 1 . 6 8
13 0.7 0.29 1.4 0.41 9.5 1.7 2.31 2.55 5.89 7 2.4 1.29 2.4 3.096 6 2.3 1.06 2.3 2.438 5 2.25 1.03 2.25 2.318
15 0.7 0.29 1.4 0.41 1 1 1.7 2.74 2.55 6.99 6 2.3 1.06 2.3 2.438 7 2.35 1.35 2.35 3.173 6 2.4 1 . 2 2 2.4 2.928
17 0.95 0.31 1.9 0.59 12.5 1.7 3.13 2.55 7.98 5 2 . 2 0.81 2 . 2 1.782 8 2.35 1.35 2.35 3.173 7 2.4 1.3 2.4 3.12
19 0.95 0.35 1.9 0.67 14 1 . 8 3.36 2.7 9.07 4 2 0.54 2 1.08 9 2.15 1.4 2.15 3.01 8 2 . 2 1.5 2 . 2 3.3
2 1 1.05 0.36 2 . 1 0.76 15.5 1 . 6 3.66 2.4 8.78 3 1.9 0.39 1.9 0.741 1 0 1 . 8 0.87 1.35 1.175 9 1.9 1.36 1.9 2.584
23 1 . 2 0.34 2.4 0.82 17 1 . 6 3.51 2.4 8.42 2 1.7 0 . 6 1.7 1 . 0 2 10.5 1.5 0.52 1.125 0.585 1 0 1.45 0.34 1.45 0.493
25 1.3 0.31 2 . 6 0.81 18.5 1 . 6 3.16 2.4 7.58 1 0 0.3 0.425 0.13 11.5 0 0.26 0.375 0 . 1 0 1 1 0 0.17 0.363 0.06
27 1.4 0.38 2 . 8 1.06 2 0 1.7 2.69 2.55 6 . 8 6 2 0 . 6 19.1 19.7
29 1.4 0.36 2 . 8 1 . 0 1 21.5 1 . 6 2 . 8 6 2.4 6 . 8 6 @MCR
31 1.45 0.34 2.9 0.99 23 1 . 2 2.24 1 . 8 4.03 # 1 8/16
33 1.45 0.35 2.9 1 . 0 2 24.5 0.7 2 . 2 1 1.05 2.32 L(ft) h(ft) V (ft/s) A (ft') Q (ft') # 2 #3
35 1.45 0.3 2.9 0.87 26 0 . 6 1.91 0.9 1.72 0 0 0 0.488 0.232 L(ft) h(ft) V (ft/s) A (ft') Q (ft') L(ft) h(ft) V (ft/s) A (ft') Q (ft')
37 1.4 0.33 2 . 8 0.92 27.5 0.4 1.24 0 . 6 0.74 1.5 1.3 0.95 1.3 1.235 0 0 0 0.263 0.203 0 0 0 0.45 0,209
39 1.3 0.34 2 . 6 0 . 8 8 29 0.4 1.15 0 . 6 0.69 2 1 . 6 1.05 1 . 2 1.26 1.5 0.7 1.55 0.7 1.085 1.5 1 . 2 0.93 1.5 1.395
41 1 . 2 0.33 2 . 1 0.69 30.5 0.4 0.76 0 . 6 0.46 3 1 . 8 1.42 1 . 8 2.556 2 0 . 8 1.33 0 . 6 0.798 2.5 1.65 1 . 0 1 1.65 1.667
42.5 0.95 0.28 1.425 0.40 32 0.3 0.5 0.675 0.34 4 1.9 1.63 1.9 3.097 3 1 . 1 2 . 0 1 1 . 1 2 . 2 1 1 3.5 1 . 8 1.5 1 . 8 2.7
44 0 0.14 0.356 0.05 35 0 0.25 0.45 0 . 1 1 5 1 . 8 1.94 1 . 8 3.492 4 1.3 2.18 1.3 2.834 4.5 1.9 1 . 6 8 1.9 3.192
13.4 87.0 6 1.5 2.27 1.5 3.405 5 1.55 2.27 1.55 3.519 5.5 1.7 1.85 1.7 3.145
7 1.25 2.24 1.25 2 . 8 6 1.7 1.96 1.7 3.332 6.5 1 . 6 2.26 1 . 6 3.616
8 1 1.78 1 1.78 7 1.9 1 . 6 8 1.9 3.192 7.5 1.3 2.28 1.3 2.964
9 0.65 1.52 0.65 0.988 8 1.9 1.41 1.9 2.679 8.5 1 1.94 1 1.94
1 0 0 0.377 0.5 0.09 9 1.7 1.19 1.7 2.023 9.5 0.65 1.47 0.488 0.717
20.9 1 0 1.25 0.85 1.563 1.328 1 0 0.4 1.04 0.3 0.312




L = distance from bank (ft)
Table F2: Representative Discharge Measurements
h = water depth (ft v = velocity (ft/s) A = area (ft̂ ) Q = Discharge (ft ) All dates 2001 SG#7 6/17
SG#1 3/25 SG#1 6/17 SG#1 8/11 SG#6 3/25 L(ft) h(ft) V (ft/s) A (ft") Q (ft")
L(ft) h(ft) V (ft/s) A (ft") Q (ftl L(ft) h(ft) V (ft/s) A (ft") Q (ft") L(ft) h(ft) v(ft/s) A (ft") Q(ft") L(ft) h(ft) V (ft/s) A (ft") Q (ft") 0 0 0 1 0.58
0 0 0 15 1.28 0 0 0 1.4 -1.23 0 0 0 0.6 0.19 0 0 0.525 0.10 8 0.5 1.16 2.5 2.90
6 0.5 1.7 1.875 3.19 4 0.7 -1.76 2.275 -4.00 4 0.3 0.63 0.825 0.52 1.5 0.7 0.39 1.05 0.41 10 0.6 1.35 1.2 1.62
7.5 0.5 1 01 0.75 0.76 6.5 0.85 2.78 1.7 4.73 5.5 0.3 0.69 0.45 0.31 3 1 0.76 1.5 1.14 12 0.7 1.86 1.4 2.60
9 0.6 3.55 0.9 3.20 8 1 2.89 1.75 5.06 7 0.45 0.53 0.675 0.36 4.5 1.5 0.75 2.25 1.69 14 1 2.4 2 4.80
10.5 0.7 2.99 1.05 3.14 10 1,3 3.26 2.6 8.48 8.5 0.5 0.76 0.75 0.57 6 1.4 0.8 2.1 1.68 16 1.1 2,33 2.2 5.13
12 1 2.84 1.5 4.26 12 1,4 3.85 2.8 10.78 10 0.6 0.7 0.9 0.63 7.5 1.2 1.09 1.8 1.96 18 1.3 2.38 2.6 6.19
13.5 1 4.04 1.5 6.06 14 1.4 4.18 2.8 11.70 11.5 0.5 0.68 0.75 0,51 9 1.2 1.41 1.8 2.54 20 1.3 2.21 2.6 5.75
15 1.1 3.89 1.65 6.42 16 1.5 4.28 3 12.84 13 0.6 0.64 0.9 0.58 10.5 1.1 1.75 1.65 2.89 22 1.3 2.47 2.6 6.42
16.5 1.3 2.95 1.95 5.75 18 1.5 4.87 3 14.61 14.5 0.75 0.94 1.125 1.06 12 1.1 2 1.65 3.30 24 1.4 2.82 2.8 7.90
18 1.3 3.6 1.95 7.02 20 1.8 3.36 3.6 12.10 16 0.6 0.48 0.9 0.43 13.5 1.1 2.12 1.65 3.50 26 1.6 2.55 3.2 8.16
19.5 1.3 3.87 1.95 7.55 22 1.7 4,32 3.4 14.69 17.5 0.5 0.87 0.75 0.65 15 1.1 2.5 1.65 4.13 28 1.7 2.57 3.4 874
21 1.3 3.12 1.95 6.08 24 1.8 4.54 3.6 16.34 19 0.45 0.96 0.675 0.65 16.5 1.1 2.62 1.65 4.32 30 1.6 2.79 3.2 893
22.5 1.2 3.38 1.8 6.08 26 1.8 4.81 3.6 17,32 20.5 0.5 0.73 0.75 0.55 18 1.1 2.44 1.65 4.03 32 1.7 2.82 3.4 959
24 1.2 3.54 1.8 6.37 28 1.8 4.54 3.6 16.34 22 0.5 0.88 0.75 0,66 19.5 1.3 2.41 1.95 4.70 34 1.7 2.85 3.4 9.69
25.5 1.3 3.48 1.95 6.79 30 1.8 4.67 3.6 16.81 23.5 0.5 0.29 0.75 0,22 21 1.4 2.47 2.1 5.19 36 1.8 2.93 36 10.55
27 1.3 3.28 1.95 6.40 32 1.8 4.82 3.6 17.35 25 0.75 0.77 1.125 0,87 22.5 1.5 2.64 2.25 5.94 38 1.9 2.9 3.8 11.02
28.5 1.3 2.37 1.95 4,62 34 1.85 4.73 3.7 17.50 26.5 1 0.8 1.5 1.20 24 1.6 2.59 2.4 6.22 40 2 3.07 4 12.28
30 1.2 3.02 1.8 5.44 36 1.7 4.37 3.4 14.86 28 1.4 0.79 2.1 1.66 25.5 1.7 2.65 2.55 6.76 42 2 3.14 4 12.56
31.5 1 2.76 1.5 4.14 38 1.6 4.42 3.2 14.14 29.5 1.6 0.8 2.4 1.92 27 1.8 2.72 2.7 7.34 44 2.1 3.03 4 2 12.73
33 1 2.72 1.5 4.08 40 1.6 4.71 3.2 15.07 31 1.85 0.84 2.775 2.33 28.5 1.8 2.44 2.7 6.59 46 2.2 3.1 4.4 13.64
34.5 1 2.95 1.5 4.43 42 1.6 4.24 3.2 13.57 32.5 2.05 0.69 3.075 2.12 30 1.7 2.51 255 6.40 48 2.2 3.13 4.4 13.77
36 0.8 2.03 1.2 2.44 44 1.65 3.61 3.3 11.91 34 2.2 0.65 3.3 2.15 31.5 1.7 2.29 2.55 5.84 50 2.2 3.05 4.4 13.42
37.5 1 2.12 1.5 3.18 46 1.7 3.88 3.4 13.19 35.5 2.1 0.59 3.15 1.86 33 1.4 2.25 2 1 4.73 52 2.2 3.26 4.4 14.34



















































112.4 53.5 0 1.865 1 1.87 24.0 39 0.4 1.67 0.7 1.17 60 1.8 2.82 4.5 12.69
302.5 41 0 0.835 0.4 0.33 63 1.5 2.54 3.75 9 53
101.8 65
67
70
72
74.5
1.2
1
1
0.9
0
1.2
1.75
1.52
1.26
0.63
24
2.5
2.5 
2.025 
0.563
288 
4 38 
3.80 
2 55 
0.35
2750
00
U J
